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Abstract
A quasi-experimental study tested an integrated curriculum design in two career academies with
engineering themes at the middle school level. Teachers in the engineering career academies,
using the National Standards of Practice, implemented cross curricular units to middle school
student cohorts. Participant cohorts ranged in sample sizes (n = 79, 155, 237, and 232) during
the four years of analysis. Constructivism was used as a framework for the study and supported
by integrated curriculum units. This study examined middle school students’ performance in
reading and mathematics on state assessments of students in the engineering career academies to
students not enrolled in the engineering career academies. The study used propensity score
matching (PSM) to match the engineering academy students (treatment group) with like students
not enrolled in career and technical education courses. The treatment group performance in
reading and mathematics on the Florida Comprehensive Assessment Test (FCAT) was analyzed
over the three years of middle school, grades 6 – 8. Student performance data were compared
using a t-test to the PSM matched group for each year. The results showed that the treatment
group did not perform significantly better over the first two years in either reading or
mathematics, but did performed significantly better in the third year in mathematics only and
significantly better in reading and mathematics in the fourth year of engineering career academy
implementation. In all cases, the effect size was small. This study is significant because it
addressed a gap in the literature on career academy implementation at the middle school level as
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well as academic and CTE curriculum integration’s impact on student performance as measured
by a standardized state assessment.
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Chapter 1: Introduction
Science, technology, engineering, and mathematics (STEM) focused curricula have
proliferated in the education system in the United States. Proponents of these curricula cite
various reasons for support, including an increase in need for scientists and engineers to ensure
national security and economic vitality (National Academy of Science, 2007; National
Governors Association, 2007; National Science Board, 2007b; National Science Board, 2010;
President’s Council of Advisors on Science and Technology, 2012; U.S. Department of Labor,
2007). Currently, almost 13% of STEM workers are over the age of 50 years (Landivar, 2013).
Further, the National Science Board (2012) reports that job growth in science and engineering
fields is outpacing undergraduate degree attainment by almost 3%. However, just about 17% of
all undergraduate degrees in the U.S. are awarded in STEM fields based on the National Science
Foundation identification of over 150 STEM majors (U.S. Department of Labor, 2007).
Internationally, the U.S. awards only 16.8% of all its degrees in STEM fields placing third
behind Japan (64%) and China (52%) (Kuenzi, 2008), which has created an impetus for a review
of American STEM educational pathways. More recently, the U.S. (568,000 STEM graduates in
2017) continues to lag behind China (4.7 million STEM graduates in 2016) and India (2.6
million STEM graduates in 2017). In addition, the Kauffman Foundation estimates that
international students will make up 50% of all STEM degrees in 2020 (Nicols, 2019).
The field of engineering mirrors the trends of the overall STEM movement with a fairly
positive employment outlook and issues with enrollments in the engineering education pipeline
1

(Rothwell, 2014). According to the U.S. Bureau of Labor statistics (2016), engineering
occupations are expected to grow 4% through the year 2026. This growth is attributed to the
expansion of engineering by 139,000 jobs and the retirement of 407,800 workers; and it is
estimated that over 1,269,000 engineers will be needed, to fill the projected annual openings, in
the country through 2026. To this end, while undergraduate engineering degree awards have
increased over the last decade, the American Society for Engineering Education (Yoder, 2017)
has reported 106,658 total engineering degrees in 2014 - 2015, showing a continued trend of
increase since 2007. However, it has been reported that in 2003-2004, 41% of the freshmen that
enrolled into engineering colleges and declared engineering majors in their first year, left the
major without completion (U.S. Department of Education, 2012b). Based on these reports, it
seems that students are selecting engineering as an eventual career option but they may not be
fully prepared to attain a related degree.
The issue of appropriate academic preparation has been reinforced with data from the
Program for International Student Assessment (PISA; U.S. Department of Education, 2013)
showing that the math and science scores of American 15-year olds are stagnant. That is,
American students did not make any significant improvement as compared to their international
peers over the last three test administrations (Desilver 2017, National Center for Educational
Statistics, 2013). In addition, the results for 12th graders in the 2015 National Assessment for
Educational Progress (NAEP) confirmed that mathematics and reading performance has
remained stagnant since the 2009 administration of the exam (NAEP, 2015).
These trends have translated into an ongoing impetus in our education system on
improving the science- and mathematics-based education pipeline and an increased emphasis on
STEM at all levels (National Academy of Sciences, National Academy of Engineering, and
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Institute of Medicine of the National Academies, 2007; National Science Board, 2007a;
President’s Council of Advisors on Science and Technology, 2010). Thus, many local education
systems currently allocate funding to support the expansion of STEM education. However,
while the connection to mathematics and science in the STEM initiative is obvious, the
integration of technology and engineering education has been challenging (National Science
Board, 2007a). Engineering, in particular, is not a subject typically taught in schools or found
loosely integrated as in the case of technology education.
In this context, career and technical education (CTE) has been identified as a promising
avenue for boosting participation in the engineering education pipeline given the nature of many
technical programs that are related to engineering (Brown, Brown, & Merill, 2011). The purpose
of CTE is to prepare students for further education or work in high-wage, high-skilled
occupations such as engineering-related areas (Carl D. Perkins Career and Technical Education
Act of 2006). At the core of CTE curricula is an emphasis on integration of technical and
academic education through various implementation models. In this regard, one of the most
widely used models in CTE is the career academy. A Career Academy is defined by three main
characteristics: (a) a small learning community, (b) college preparatory curriculum with a career
theme, and (c) partnerships with employers, communities, and higher education (Kemple &
Snipes, 2000; Stern, Dayton, & Rady, 2010). Further, career academies are based on a
framework of standards called the National Standards of Practice (NCAC, 2004). The standards
ensure that career academies function at specified norms including some form of curriculum
integration. As such, curriculum integration can be as simple as interdisciplinary lessons across
two disciplines, a problem-based instructional unit across multiple disciplines, or an entire
themed instructional unit across all classrooms in the school (Beane, 1991; Loepp, 1999). Thus,
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academy teachers typically design the curriculum to match a career theme (e.g., engineering,
nursing, automotive technology, etc.) following the National Standards of Practice (NSOP). In
turn, students enrolled in career academies are scheduled to move together, from class to class, as
a cohort as they complete the curriculum.
Currently, there are over 7000 (Stern et al., 2010) career academies implemented in our
nation’s high schools and its implementation continues to grow in popularity. The Florida
legislature, for example, strongly recommends that all high schools have at least one career
academy, or career themed course, as an option for students (Career and Professional Academies
and Career-Themed Courses, 2014). This push was based on research showing that career
academies can improve attendance rates, graduation rates, grade point average, and postsecondary student success (Castellano, Sundell, Overman, Richardson, & Stone, 2014; Kemple
& Snipes, 2000; Office of Program Policy Analysis & Government Accountability, 2007; Stern,
Dayton, & Raby, 2000; Stern, et al., 2010). Thus, given the promising results associated with
participation in career academies, this concept represents a viable alternative for boosting
participation in engineering education in the education pipeline.
Problem Statement
Although engineering is part of the STEM core, because it is not formally taught in
schools, it has been difficult to boost related participation in the education pipeline. To be sure,
there are several programs that offer opportunities for related education such as Project Lead the
Way (PLTW), one of the most popular pre-engineering programs at the secondary level (Project
Lead the Way, 2013). Pre-engineering programs are often best implemented using the career
academy format as described in the National Standards of Practice to increase effectiveness (e.g.,
graduation rates, student interest, student accountability, etc.). However, the majority of the pre4

engineering programs are offered at the high school level leaving a gap in middle schools. PLTW
does have a middle school program called “Gateway to Technology” but it does not have
certification standards (i.e., career academy design recommendations) like its secondary program
version (Project Lead the Way, n.d.)
In response to calls for boosting participation in engineering education earlier in middle
schools, some districts have begun to implement the career academy concept featuring
engineering contexts. In this regard, even though career academies have been found to increase
student achievement at the high school level, there are virtually no studies documenting the
impact of participation in engineering career academies on academic performance at the middle
school level (Castellano et al., 2014; Jordan, McPartland, Legters, & Balfanz, 2000; Kemple,
1997; Kemple & Snipes, 2000; Office of Program Policy Analysis & Government
Accountability, 2007; Stern et al., 2000; Stern et al., 2010).
Thus, the purpose of this study is to determine whether participation in a middle school
career academy with an engineering theme increases student academic performance defined by
mathematics and reading scores on state standardized tests. Mathematics and reading test scores
are considered standard outcome measures in today’s high stakes testing environment and were
used for evaluating student performance in the present study.
As such, the Florida Comprehensive Assessment Test (FCAT) scores were used in this study.
The following research questions were examined:
1. Do students enrolled in a middle school career academy with a STEM engineering theme
perform better on the FCAT mathematics assessment compared to students in a nonacademy education program?
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2. Do students enrolled in a middle school career academy with a STEM engineering theme

perform better on the FCAT reading assessment compared to students in a non-academy
education program?
Conceptual Framework
The conceptual framework for the study is founded on the theory of constructivism as it
is applied in the career academy model. Constructivism is based on the belief that we
“construct” new knowledge based on what we already know (Hruby & Roegiers, 2013). In this
regard, constructivists believe that learning is formed by building new knowledge on past
experiences and in the context of relevant learning situations (Beane, 1997). Constructivism is
also founded on the belief that it is a self-regulatory process often carried through problemand/or project-based learning (Pierce, 2013). Thus, as Brown (1998) explained, constructivism
must be used in a social environment and call for participants to engage in problem solving in
relevant curricular contexts.
The tenets of constructivism are foundational to a career academy implementation and
design. It is through the use of curriculum built on constructivism that the students enrolled in
the career academies (i.e., engineering academies) used in this study, experience a different
environment as compared to other students in the school district (Lynch, 2000; Orr, Bailey,
Hughes, Karp, & Kienzl, 2004). The middle school engineering career academy providing the
curricular context in this study was established through a grant and received additional support
(e.g., district personnel, professional development, and funding for curriculum development)
meeting constructive principles. Thus, it stands to reason that due to participation in more
relevant teaching and learning grounded in constructivism and the engineering context, middle
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school students in the engineering career academy will perform better on state standardized tests
compared to non-career academy students.
Significance
An important contribution of this study is the application of the career academy model to
the middle school environment. While much empirical data have been collected on high school
career academies, the research in a middle school application is virtually non-existent. This
research provides a comparison of student performance in the instructional delivery model of a
career academy at the middle school level versus the established findings of high school career
academies. Similar findings between the career academies at the two grade level (i.e., 9th – 12th
and 6th – 8th) ranges may lead to further research and expansion of career academies as an
instructional model.
In addition, the results of the study provide a picture of student academic performance on
standardized tests while enrolled in the middle school career academy. Study findings may also
point to potential student success in the engineering realm and promote further participation in
these types of programs in high school and beyond.
Definition of Terms
Carl D. Perkins Career and Technical Education Act of 2006. (2006). HRPT 109 – 597.
Retrieved from http://www.gpo.gov/fdsys/pkg/CRPT-109hrpt597/pdf/CRPT109hrpt597.pdf: An Act designed to support career and technical education. Allows for
funding to be distributed to the states to support CTE programs.
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Career Academy: An instructional model that uses the National Standards of Practice (NSOP) to
deliver instruction in a cohort setting, with industry support, and a rigorous career themed
curriculum.
Differentiated instruction: Pedagogical methods that provide individualized instruction based on
student need.
FCAT: Florida Comprehensive Assessment Test, the standard exam that students in Florida must
take to determine their performance as related to established grade level parameters (In
2015 the Florida Standards Assessment has replaced the FCAT)
FCAT Mathematics Assessment: The mathematics assessment portion of the FCAT.
FCAT Reading Assessment: The reading assessment portion of the FCAT.
National Standards of Practice (NSOP): A set of operational standards used to define career
academies. The NSOP are also used by certifying agencies to verify proper career
academy implementation.
Small Learning Community (SLC): A cohort of teachers and, in some cases, students that work
together to meet teaching and learning goals.
Limitations
The engineering career academy, serving as the curricular context for the study, was
developed as part of a set of “STEM Academies” established through a grant requiring the
support of district personnel, professional development, and funding for curriculum
development. Although the engineering career academy was developed following national
standards of practice and constructivist principles, it was assumed that implementation is
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uniformly implemented across teachers. This is only an assumption, and a limitation, as it was
not possible to assess the standard quality of curriculum and instruction in the academy. In all
aspects of instruction, teacher ability (i.e., professional characteristics, teaching skills, and
classroom climate) can affect the amount, quality, and type of information students receive
(McBer, 2000). This variability can naturally affect student performance on assessments,
including standardized testing, as being used in this study (Rowan, Chiang, & Miller, 1997).
In addition, while an abundance of research has been performed on various high school
career academy models, the research in this study is limited to students in the middle grades (6th
– 8th grade), enrolled in two engineering career academies at different sites in a single large
southern school district. It is important to note that the findings may not be transferable to the
high school level as more research is required to determine if the age difference and
accompanying moderating variables in the participants play a statistically significant role.
The most significant limitation for this study lies in its non-experimental design. Due to
the lack of random assignment to the engineering career academies, we cannot truly determine if
all covariates were controlled. The students in the engineering career academies chose to enroll
and may have been motivated to put in extra effort. While an appropriate statistical technique
(i.e., propensity score matching) was used for control of covariates, the study cannot be treated
as a true experimental design.
Other limitations are centered on the extraneous variables that are part of every student’s
life and academic growth. Some of these variables include: parental support, background
knowledge, nutrition, etc. Also, it is important to note that the students in the engineering career
academies were selected based on their academic ability in elementary school and the findings
would not be transferrable to students with lower academic ability.
9

Finally, the engineering career academies selected for this study were in their sixth year
of implementation. In this light, the testing data used were from students who were enrolled in
the engineering career academies for various amounts of time, anywhere from one to three years.
These students were part of the school year grade level cohort (6th, 7th, & 8th grade) and their
performance was measured as a snapshot at the time they took the FCAT, towards the end of
each school year.
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Chapter 2: Review of Literature
The purpose of this study was to compare middle school students’ performance in
mathematics and reading of students enrolled in an engineering themed career academy
(engineering career academy) with students matched with non-career academy enrolled students.
Standardized state test scores were used to determine whether participation in a middle school
engineering career academy increased student performance in mathematics and reading
compared to the performance of students in non-career academy curricular tracks.
To provide support and context for the study, a literature review was conducted to
synthesize underlying issues and prior research on the following topics: the premises of the
STEM movement, STEM employment trends, engineering employment outlook and educational
trends, engineering education issues, efforts to strengthen the engineering education pipeline, and
impact of participation in career academies. The literature review concludes with a fuller
description of the premises underlying the conceptual framework used in the study.
The STEM Movement
Science, technology, engineering, and mathematics (STEM) focused education has
become a national trend which has garnered much attention from government and private entities
alike. Government organizations such as the National Science Board (2010), National Academy
of Science (2007), National Governors Association (2007), The U.S Department of Labor (2007)
and the President’s Council of Advisors on Science and Technology (2012) agree that a populous
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educated in mathematics and science leads to economic prosperity. All of these organizations
support the continued expansion of STEM curricula at all levels of education.
In 1983, The National Commission on Excellence in Education (NCEE), published the
historic report entitled A Nation at Risk. In this report, the commission went on to call for a
complete refocus of the education system on curriculum, student expectations, time spent on
instruction, and teacher recruitment (The National Commission on Excellence in Education,
1983). The NCEE report catapulted education to the top of the national agenda (Graham, 2013)
in the same way recent reports were supporting the increase of attention on STEM education.
Comparatively, The President’s Council of Advisors on Science and Technology (PCAST)
(2010) report—Prepare to Inspire: K – 12 Education in Science, Technology, Engineering, and
Math (STEM) for America’s Future—features a similar argument laid out by the 1983 A Nation
at Risk report: A lack of U.S. student performance in mathematics and science compared to other
nations, a call for increasing teacher compensation to recruit the “best and the brightest”, and a
lack of clear standards (i.e., expectations) for teaching mathematics and science.
In 2002 the Institute for Diversity Engineering and Society presented the concept of
Science, Mathematics, Engineering and Technology (SMET) education (Institute for Diversity in
Engineering and Society, 2002). This concept did not catch on during the briefing to the 107th
U.S. Congress, but spearheaded the conversation around educational reform and the concept was
revisited by the National Science Foundation (NSF) in the early 2000s and presented as Science,
Technology, Engineering and Mathematics (STEM) (Dugger, 2010; Sanders, 2009). Reconceptualized as STEM, the movement received national attention and began to be recognized
as a priority by districts and schools.
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Today, although science, technology, engineering and mathematics represent a
straightforward definition of the STEM acronym, a concrete definition of what each STEM
component constitutes has required further debate (Brown, 2012; Bybee, 2010; Ostler, 2012).
Science and mathematics are well defined and understood, but technology and engineering have
resulted in further discussion about related identification in the education pipeline. In general,
however, most educators and researchers agree that STEM education is a collaboration between
the individual disciplines of science, technology, engineering, and mathematics (Merrill, 2009).
Sanders (2009) summarizes STEM education as including “…approaches that explore teaching
and learning between/among any two or more of the STEM subject areas, and/or between a
STEM subject and one or more other school subjects” (p. 11). For the purpose of this study, this
collaborative definition is used in the context of engineering, which is the design, building, and
use of engines, machines, and structures.
STEM Employment Trends
In order to fully understand the statistics of the STEM workforce, consideration must be
given to the status of the overall workforce. At this time, the workforce continues to age. The
76 million baby boomers representing the incumbent workforce are either retired or preparing for
retirement and most will be over the age of 55 in 2020. That is, between 2015 and 2020, over
80% of the STEM workforce will be in the 50-and-over age cohort (Dychtwald, Erikson, &
Morison, 2004). In addition, the high 12% workforce growth over the last decade is dropping at
a 2-3 % rate annually and contributing to a decline in labor participation rate (Toosi, 2012). In
this light, as experienced workers exit, a new cohort of workers has to emerge to replace retiring
workers. In the context of STEM employment, there is a need for workforce development
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initiatives to promote career awareness in the education pipeline about STEM-related
occupational pathways.
To recap, associations and agencies, such as the National Academy of Science (2007,
2010), the National Association of Manufacturers (2005), the Council on Competitiveness
(2005), and the Association of American Universities (2006) point to a shortage of STEM
workers. Based on these findings, the U.S. government continues to push for STEM education as
a matter of national security (Hira, 2010; National Academy of Science, 2007; National
Governors Association, 2007; National Science Board, 2007b; National Science Board, 2010;
President’s Council of Advisors on Science and Technology, 2012; U.S. Department of Labor,
2007).
On the other hand, Lowell and Salzaman (2007), Freeman (2008), Teitelbaum (2003),
and the Center for Immigration Studies (Camarota & Zeigler, 2014) have argued that the
shortage of STEM workers is not a function of talent supply, noting the surplus of STEM
degrees compared to job openings. Currently, there are about 5.3 million STEM workers (native
and immigrant) in the United States (Camarota & Zeigler, 2014). This means that roughly 1 in 4
of the 12.1 million STEM degree holders are actually employed in STEM fields (Camarota &
Zeigler, 2014; Lowell & Salzaman, 2007).
Foreign workers also contribute the STEM worker pool. The Center for Immigration
Studies (Camarota & Zeigler, 2014) reports that between 2007 and 2012 about 700,000 new
STEM degreed immigrants were allowed to settle in the U.S. Over the same period of time,
STEM employment grew by 500,000, meaning that not only were the immigrant STEM workers
looking for jobs but 1.2 million native workers were as well (Camarota & Zeigler, 2014).
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In the light of these figures, the shortage of STEM workers should be viewed from a
regional standpoint as they are connected to local economies (Rothwell, 2014). In his study,
Rothwell (2014) found that STEM job openings took longer to fill as compared to non-STEM
jobs. He also found that regional differences impacted the length of time a job was posted. In the
report, Rothwell (2014) points to regional talent shortages which may be the impetus for an
overall national STEM strategy.
Looking at the above facts combined, we can see that while STEM employment is a
complicated matter to define, there is a need for the continued push of STEM education to fill in
the gaps. With workers retiring, STEM professionals moving into management roles, and
foreign talent all in a current employment flux, STEM jobs are still difficult to fill making the
push for STEM education an important national agenda item.
Engineering Employment Outlook and Educational Trends
Although engineering is part of the STEM movement and often lumped together when
discussing employment and education trends, it should be examined separately to account for the
unique characteristics of the discipline. For example, due to the growth and attrition of people in
engineering, these occupations are projected to change at an overall pace of 8.3%. This change
is in addition to the projected new engineering occupations at a 4.0% growth rate during the
2016 through 2026 time span. This growth will add 139,000 jobs for a total of 1,820,300
workers, factoring in new job creation and worker attrition (BLS, 2016; Lacy & Wright, 2010).
In addition, engineering occupations are projected to grow at a rate of 7.3% with over 763,000
job openings between 2012 and 2022 (Richards & Terkanian, 2013) continuing the support of
the engineering occupation growth trend. These statistics are the impetus for increasing the
nation’s focus on engineering in STEM to foster innovation and global economic influence
15

(National Academy of Science, 2007; National Governors Association, 2007; National Science
Board, 2007b; National Science Board, 2010; President’s Council of Advisors on Science and
Technology, 2012; U.S. Department of Labor, 2007).
Amidst the positive employment outlook in engineering, it appears that the supply of
talent is matching the occupational demand. In 2017, U.S. universities awarded 124,477
engineering degrees (Yoder, 2017). This is the highest number of engineering degrees over the
past decade (2008 – 2018). Overall, engineering bachelor degree attainment has increased 68%
(Yoder, 2017) during this time. Evaluating these degree attainment statistics and the job outlook
figures from the Bureau of Labor Statistics (2016) we can see that if these trends continue, the
engineering talent pool should meet the labor demands. As projected, engineering will need over
126,000 workers annually through 2026. The one caveat is that these trends show that three
engineering disciplines (i.e., mechanical, computer science, and electrical) account for 47% of all
undergraduate engineering degrees in 2018 (Yoder, 2017).
Engineering Education Issues
In a review of educational statistics, the U.S. Department of Education (2012b) found that
of all students that declared an engineering major between 2003 – 2009, 77.3% did so their
freshmen year. In turn, 59% of these students persist through graduation. To look at these
statistics another way, 93% of surveyed engineering degree holders reported that they declared
their engineering majors as freshmen (Cui, Younhui, Yonggao, Nave, & Harris, 2011). While
engineering has the highest reported rate of freshmen degree declaration as compared to other
STEM disciplines (e.g., mathematics, science, computers, etc.) the persistence rate is equivalent
to other majors, except for education which boasts the lowest persistence rate at 38% (Xianglei
& Soldner, 2013). However, engineering is a discipline that does not benefit from students
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switching majors, such as an education major moving to an engineering major in the sophomore
year (National Science Board, 2007b). That is, students from other majors may not have the
preparation to switch to engineering and replace students who cannot persist. These figures
indicate that it is imperative to have students appropriately prepared to enter and persist through
engineering studies.
The lack of academic preparation has been cited as one of the primary reasons for
persistence issues in the education pipeline, engineering education included. To this end, most
reports focus on U.S. student performance on standardized exams such as Program for
International Student Assessment (PISA) and the National Assessment of Educational Progress
(NAEP). These two assessments show that U.S. students are not at the top of the international
assessments and not improving in academic performance (NAEP, 2013; U.S. Department of
Education, 2013).
The standard internal assessment for the U.S. called “the nation’s report card,” has been
the NAEP assessment (Vinovskis, 1998). Formed in 1969 to collect statistical data on the
performance of 9-, 13- and 17-year-old students, NAEP has been used by the U.S. Department of
Education to drive policy development as well as funding decisions for over 40 years. The
assessment is focused specifically on mathematics and reading performance and tests a sample of
students from each state and major city (Kena, Aud, Johnson, Wang, Zhang, Rathbun,
Wilkinson-Flicker, & Kristapovich, 2014). Unfortunately, trend data have shown an overall lack
of improvement in U.S. students’ academic achievement
To wit, the 2013 findings of the annual NAEP update by the U.S. Department of
Education (Kena et. al., 2014) show a stagnant performance of U.S. 17-year-olds on math and
reading average scores since the first administration of each exam in 1973 and 1971,
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respectively. The findings indicate a gain of 25 points by 9-year olds and a gain of 19 points by
13-year-olds in mathematics across the same timeframe. Further, the reading score gains were a
bit smaller at 13 and 8 points for 9- and 13-year-olds, respectively. As related to this study, the
8th grade reading performance data showed a four-point gain from the previous two
administrations (2009 & 2011) of the exam and mathematics performance was two points higher.
Finally, over the last 10 years the 8th grade mathematics performance has increased seven points
while the reading performance improved with a five-point gain. These results point to a slight
positive trend of 9- and 13-year-old U.S. student performance on the NAEP, but international
results, as measured by the PISA, are not promising.
The Program for International Student Assessment (PISA) has been administered in 32
countries since 2000 and it has grown to 71 countries for the last administration in 2015. PISA
measures student ability to apply knowledge in mathematics, science, and reading literacy
(OECD, 1999). The performance of U.S. 15-year-old students was fairly stable across all
administrations of the assessment and PISA reports have shown no significant difference in U.S.
student performance across all administrations up to 2012 (U.S. Department of Education, 2013).
However, in 2015, the mathematics performance of 4th and 8th graders fell for the first time since
1990 (Desliver, 2017). On an additional 2012 PISA measurement, out of the 36 Organization of
Economic Cooperation and Development (OECD) (2013) countries, in general, the U.S. ranked
27th on average scores in the measured disciplines (i.e., reading, mathematics, and science
literacy). Unfortunately, this performance did not improve in 2015 where the U.S. slipped to
34th rank in the standings of the OECD nations (Desilver, 2017). Additionally, the federal
Committee on STEM Education (2013) reports that 12 countries had higher scores in science and
17 had higher scores in mathematics on the 2012 assessment with Asian countries (i.e., China,
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Singapore, Korea, and Japan) in the top spots (U.S. Department of Education, 2013). In 2015,
23 countries outperformed the U.S. in science and 38 in mathematics (Desilver, 2017).
Additionally, mathematics was the only category where the U.S. scored below average. These
findings have generated a collective effort to enhance U.S. students’ academic performance and
as an impetus for an increase in funding for STEM education programs (Committee on STEM
education, 2011). U.S. performance on the most recent assessment in 2015 continues to support
this increase in funding.
Some of the main concerns regarding engineering education include the accepted
pedagogy used across colleges (Rugarcia, Felder, Woods, & Stice, 2000). In the past,
engineering was viewed as discipline specific (i.e., chemical, mechanical, civil, etc.), where now
the Accreditation Board of Engineering and Technology (ABET) shifted its standards to include
an interdisciplinary approach (Volkwein, Lattuca, Terenzini, Straus, & Sukhbaatar, 2004). With
the shift in the accreditation standards, Volkwein, Lattuca, Harper, and Domingo (2007) found
that engineering students performed better in the categories of application of engineering skills,
group skills, and awareness of issues relating to ethics and professionalism. Whereas, there was
no differences in the students’ ability to apply mathematics and science. These findings point to
the advantage of an integrated approach to curriculum development and pedagogy as compared
to the traditional model.
The lack of engineering education is further compounded by the current focus of
secondary education on foundational academics as a pathway to college. In this vein, public
schools have not created a concerted effort to make engineering education a part of the core
curriculum. Currently, there are just over 40,000 high schools in the nation (private and public)
with just over 12,000 offering any type of career and technical education program much less an
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engineering focused program. One of the most widely implemented engineering education
programs is called Project Lead the Way Pathway to Engineering. PLTW is currently in 11,500
different, schools (PLTW, n.d.). In addition, there are just over 1000 engineering focused
programs nested in CTE technology education programs (Rogers & Rogers, 2005) bringing the
approximate total to 12,500 or about 33% of total high schools. This lack of engineering
education in secondary schools is driven by the overall policy that the study of technology is not
a requirement for education and therefore missing from college preparatory schooling (Gilberti,
1999). In addition, the average number of credits earned by students has slid from 0.45 credits in
1992 to 0.33 credits in 2013. This can be presented as a drop of 27% in the average percentage
of credits earned by students in engineering and technology (Career and Technical Education
Statistics, n.d.a).
Another important issue that impacts engineering education revolves around the lack of
career development at the secondary level. While the Carl D. Perkins Act of 2006 mandates that
career information is imbedded into the curriculum, it is considered as secondary to content
delivery in most cases (Threeton, 2007). Many guidance counselors are responsible for a variety
of jobs and actual career guidance may just be a small part of their everyday responsibilities
(McCuen & Greenberg, 2009). According to the National Center for Educational Statistics, in
2012, guidance counselors reported spending 14.8% of their time on student occupational choice
and career planning as well as job placement and employability skill development combined
(Career and Technical Education Statistics, n.d.b). In many cases, the guidance counselor may
not have the opportunity to meet with the students to perform career guidance until it is
absolutely necessary, such as towards the end of the junior year to prepare the student for life
after high school. To complicate this problem, research has shown that school counselors
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frequently encourage student to pursue careers based on college acceptance ability and not
employer needs (Feller, 2003). In the context of engineering, McCuen and Greenberg (2009)
found that 56% of surveyed students begin thinking about majoring in engineering in grades 10
and 11. When these students (n = 44) were asked what factors influenced their choice of
engineering as a career, none indicated that guidance counselors played a role. Combined, these
factors point to a problem with career development services in the secondary system and indicate
that more attention to careers within the classroom can help students make better career
decisions.
The need for an increase in student academic performance, career development, and the
development of teamwork skills through innovative programs are all components of the current
STEM and, specifically engineering, movement. While some programs across the nation have
begun to take an integrated approach to engineering education, a magic bullet has not been
found. The education community continues to look for new ways to bring engineering to
students of all backgrounds, across all communities, as a means to answer the national call.
Strengthening the Engineering Pipeline
Given the issues in engineering education, over the past couple of decades, there has been
a push for strengthening middle and high school education as a means to impact student
preparation, interest, and motivation for successful participation in engineering career pathways.
As part of this push, one of the most popular programs implemented in U.S. middle and high
schools is the Project Lead the Way (PLTW) program. This program has a high school
component call “Pathway to Engineering” and middle school component called “Gateway to
Technology.” Both of these programs use standardized curriculum developed by the PLTW
organization. The curriculum was developed under the following premises that engineering: (a)
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does not work in isolation from other disciplines, (b) is dependent on technological systems, (c)
uses a foundation of mathematics, (d) requires effective communication skills, and (e) is
dependent on many individuals (Bottoms & Anthony, 2005).
The promising impact of the PLTW program has been well documented. For example,
Bottoms and Anthony (2005) performed a comparison of PLTW students to determine if the
program led to any impact on students’ academic achievement, academic course selection,
engagement in integrated curriculum activities, and enrollment in technology related classes.
The study analyzed a sample of 274 students that reported enrolling in at least two PLTW
credits, and compared these students to a random group enrolled in CTE programs with matching
demographics. The results of the study showed that the PLTW student scored higher on NAEPreferenced science, reading, and mathematics assessments as compared to the matched students.
On the mathematics assessment, the PLTW students’ scores were significantly higher on the
mathematics portion when mean scores where compared using a t-test (p ≤ .05). When these
data were compared to a random sample of CTE students the results were much more
impressive. In this comparison the PLTW students scored significantly higher in reading and
mathematics (p ≤ .001) and science (p ≤ .05) on the mean scores as measured by a t-test
(Bottoms & Anthony, 2005). In addition, Bottoms and Anthony (2005) also reported that PLTW
students were more likely to complete college preparatory mathematics (p ≤ .001) and science (p
≤ .05) courses as measured by a t-test. The PLTW students also had a higher emphasis on
literacy, numeracy, science, and career/technical studies in their course work (p ≤ .05) based on a
chi-square test. Finally, the same authors reported that 58% of PLTW students were planning on
entering a four-year college compared to the study comparison group at 51%, and all CTE
students at 40%.
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Another STEM instruction program available for the middle school level is the Integrated
Math, Science, and Technology (IMaST) program. This program originated at Illinois State
University in 1991 as an integrated approach to teaching the STEM disciplines through a
modular format (Integrated Mathematics, Science, and Technology [IMaST] Program, 2011).
The program used 16 modules to deliver STEM content through a constructivist approach using
activity based problem-solving focused curriculum. The designers opted to use the DAPIC
model (define, assess, plan, implement, and communicate) to create the module in various
technology contexts.
The DAPIC model used in the IMaST program begins with a Challenge, which is an
integrated activity that presents the module with a focus on the mathematics, science, and
technology concepts within. The accompanying activities use a four-step learning cycle:
Exploring the Idea, Getting the Idea, Applying the Idea, and Expanding the Idea. At the end of
each module, a summative assessment is provided (IMaST Program, 2011).
Evaluation of the IMaST program was performed in 2002 by analyzing student
performance data on the TerraNova Multiple Assessments and a variation of the Trends in
International Mathematics and Science Study (TIMSS) examinations (Mouw, 2002). During the
study, two groups of 6th grade students were given a pre and post TerraNova assessment. The
IMaST enrolled student (n = 202) performance was compared to demographically similar nonenrolled students (n = 178) sample. An analysis of covariance showed IMaST student
performance was slightly better in mathematics (F = .08, adjusted mean = 62.33), but not at the
statistically significant level when compared to the control group: adjusted mean = 61.01. In the
science category, the IMaST students did perform at a statistically higher level (F = 13.22, p =
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.0003, adjusted mean = 64.85) when compared to the scores of the controlled group: adjusted
mean = 61.30 (Mouw, 2002).
Student performance in the 7th- and 8th-grade was measured by a comparison of IMaST
students and a demographically similar group in the same school using a variation of the TIMSS
assessment. The IMaST and comparison group were given a pre- and post-test. The test scores
from the TIMSS categories procedures and problem solving for mathematics and knowing and
process for science were compared for statistical significance. The 7th-grade IMaST scores were
statistically significant for both mathematics and the process science categories (math = 37.07,
science = 39.47) when compared to non-IMaST scores (math = 34.10, science = 34.35). The 8thgrade IMaST student scores were significant for problem solving (13.35) and procedures (17.72)
when compared to the non-IMaST scores (problem solving = 12.28, procedures = 16.32).
Overall 8th grade mathematics scores were not significant, but the science scores were significant
for the process category (18.09) and the overall science scores (35.4) when compared to nonIMaST scores: process (15.83) and overall science scores (32.22) (Mouw, 2002).
The programs described have been implemented across schools in the U.S. to provide an
alternative way for students to engage with engineering concepts prior to college. They have
been accepted by school administrators as important aspects to the overall curriculum and part of
the identity of a school. Based on the review, these programs assist in disseminating the
engineering concepts and provide favorable academic results. It is important to note that these
programs offer an integrated approach to the learning of concepts based on constructivist
principles.
The biggest obstacle for pre-engineering education at this time is that it has not been
secured on the national education agenda like mathematics and language arts. This is evident
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through the limited amount of programs that have been accepted by school districts as vehicles
for pre-engineering education. At the secondary level the PLTW program has emerged as the
“gold standard” for pre-engineering. In the lower grades (i.e., 6th – 7th) PLTW has also taken
hold but other programs, such as the IMaST, have failed to expand beyond just a small
percentage of schools. These limits on pre-engineering education seem to stem from the lack of
cohesiveness around the importance of engineering education as well as the challenges with
implementation of quality programs.
Due to some of the challenges, the majority of pre-engineering programs are stand-alone
and teacher developed. Even when curriculum developers design integrated programs, ready for
use, they still have considerable difficulty getting the teachers and administrators to collaborate.
In fact, the IMaST program, even though found to be impactful on student performance, is only
adopted in one school in its original form (B. Christensen, personal communication, May 15,
2015). Further, the IMaST development team, has separated the lessons (away from the
program’s original fully-integrated format) and presented them in a stand-alone format to
increase market penetration due to ease of implementation.
The PLTW programs are limited in diffusion due to the considerable cost for
implementation. Each PLTW teacher must attend a two-week summer training in order to learn
how to teach the classes, which comes at a considerable cost. These costs are additional to the
proprietary equipment and curriculum materials needed to complete the PLTW implementation.
The end result is that only school districts with large and healthy tax bases can purchase these
programs and implement with fidelity.
A possible solution for the increase in pre-engineering program choices for school
districts is found in the career academy model, which is accepted and supported fiscally through
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federal education monies found in the annual Perkins Grant (Carl D. Perkins Career and
Technical Education Act of 2006, 2006). This alternative can provide communities with a viable
vehicle to include pre-engineering education at the middle and high school levels.
Career Academies: Promising Role in Pre-Engineering Education
Career and Technical Education (CTE) has roots in the latter part of the nineteenth
century as a system for teaching the trades and manual tasks (Gordon, 1999). As it grew, CTE
became a way to promote the development of skills people needed to support economic
conditions at the time. Prior to the industrial revolution, the CTE system was focused on the
development of apprentices through apprenticeship programs. As the industrial revolution got
started, schools focused on manual training to provide an alternative to the apprenticeship system
in order to train more people for the workforce (Gordon, 1999). At the turn of the twentieth
century, automation was applied to factories increasing the demand for skilled workers. This
shift caused vocational education to be formally supported in schools with the specific purpose
of preparing students for work. Next, for most of the 20th Century, the role of vocational
education remained largely unchanged focusing on preparing students for different trades in
agriculture, industry, and business. However, as the global economy emerged in the 1980s,
along with dramatic developments in technology innovation, vocational education evolved into
career and technical education (CTE) in response to new skillsets demands in the world of work.
CTE adapted its role to support economic development through incorporating technology into
the classrooms in response to the development and growth of the data driven economy (Gordon,
1999).
Today, the operational identity of CTE is dictated by the Carl D. Perkins Act. This
federal Act funds CTE programs that are designed to prepare students for further education or
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the world of work in high-wage, high-skilled occupations such as engineering (Carl D. Perkins
Career and Technical Education Act of 2006, 2006). The Perkins Act has seven main purposes
related to: (a) high standards, (b) rigorous and challenging instruction, (c) improvement of
flexibility in spending, (d) conducting research, (e) promoting professional development and
improving the quality of education, (f) promoting partnerships, and (g) promoting training to
keep the United States competitive. In general, the Perkins Act is closely aligned to the needs of
STEM education, as described above, making CTE a natural choice for meeting the national call
for strengthening the STEM, as well as engineering, pipeline.
CTE is well positioned to impact the “E” of stem, engineering education, specifically. In
this regard, a 2012 study by Carr, Lynch, Bennett IV, and Strobel found that engineering
standards were being taught in 41 states through various programs. The findings show that while
most engineering in these states is being taught solely through science standards (12 states),
almost half (19 states) had engineering standards imbedded in CTE courses with various labels
(e.g., CTE/Vocational, STEM, Engineering/Technology, Project Lead the Way, International
Technology and Engineering Educators Association, and Technology).
Amidst the variety of curricular approaches, one of the most innovative ways to deliver
CTE content is through the use of the Career Academy model (Stern et al., 2000; Stern et al.,
2010). Career academies have been found to be effective for improving outcomes for students
for over four decades of implementation at the high school level (Stern et al., 2010). Initially
implemented in 1969 in the city of Philadelphia (Stern et al., 2000; Stern et al., 2010), career
academies have grown in popularity across the nation. This program design continues to be
developed and implemented across the United States at various levels of fidelity. According to
MDRC, a research group focused on Career and Technical Education, in 2008 there were
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approximately 2,500 Career Academies in operation around the nation (Kemple & Willner,
2008). This is a significant increase from 400 in the year 2000 according to the National
Academy Foundation (Stern et al., 2000). In 2010, there were just over 7000 career academies in
the U.S. (Stern, et al., 2010) showing a clear trend of increased implementation over the 10-year
span. Across the nation, these career academies may not have exacting characteristics but they
do offer students an instructional model that provides personal attention, comprehensive polices
for instruction and operations, integration of curriculum, and collaboration with industry partners
(Kemple & Wilner, 2008; Kuo, 2010; Stern et al., 2000; Stern et al, 2010).
The career academy is viewed as a small learning community (SLC) with a cohort of
students and teachers that work together to deliver the instruction in a team environment
(Conchas & Clark, 2002; Kemple & Wilner, 2008; Stern et al., 2000). Ideally, the students are
enrolled in the same courses and all have the same teachers for each subject (Conchas & Clark,
2002). The teachers work together to plan lessons by meeting during their common planning
time (Orr, 2005). The interaction of all the stakeholders provides a family environment creating
a sense of belongingness (Jordan et al., 2000; Kemple & Wilner, 2008) allowing teachers a high
level of curriculum coordination and collaboration on student issues.
High school career academies also have a college preparatory curriculum that provides
students with highly rigorous coursework centered on particular careers (Conchas & Clark, 2002;
Kemple & Wilner, 2008; Stern et al., 2000; Stern et al., 2010). Students are taught academic
content, within the context of a career, and are given the opportunity to develop their
understanding while learning state mandated standards through completion of career related
competencies. For instance, students would read text in the language arts class related to
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engineering and create presentations on the current status of the electrical engineering industry in
their business class.
Career academies are designed to include industry partners from the local industry to
bring relevance into the academy curriculum (Conchas & Clark, 2008; Dixon, Cotner, Wilson, &
Borman, 2011; Kemple & Wilner, 2008; Stern et al., 2000). Business partners act as mentors,
judges, and support personnel while working with the academy. They also provide insight to the
current job statistics and assist in the development of “soft skills” while interacting with students
(Dixon et al., 2011). In addition, the connections with business partners lead to student career
exploration activities that allow students to make quality decisions about their career goals.
In the three decades of research on career academy effectiveness many findings have
been positive and statistically significant. The Career Academies: A Proven Strategy to Prepare
High School Students for College and Careers report by Stern et al. (2010) summarizes the most
significant research literature to date on career academy student performance. These findings are
grouped into three categories: (a) academic performance and high school completion, (b)
enrollment in post-secondary education, and (c) employment after high school.
The findings regarding career academy student and academic performance are consistent.
In general, career academies enhance student school experience by promoting career exploration
through integrated curriculum (Kemple & Snipes, 2000; Kemple & Wilner, 2008; Stern et al.,
2010). Kemple and Snipes (2000) conducted a study in an urban environment with a mostly
African-American and Hispanic population. Using random assignment, the study assigned 1,764
students to the Academy group and 959 students to the non-Academy group. The students were
at the end of their 8th or 9th grade. The study followed the participants through high school
graduation. This study found that career academy students, high-risk for dropping out, were less
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likely to drop out of high school (21% drop out rate vs. 32%, p = .001) and were more likely to
earn enough credits to graduate (40% vs. 26%, p = .001). While the medium-risk (for dropping
out) students’ graduation rate was not impacted by their enrollment in a career academy, the data
show that they were more likely to enroll in three or more vocational courses (66% vs. 48%, p =
.001). Finally, the data show that low-risk students were more likely to graduate on time (86%
vs. 75%, p = .05) and took more vocational courses (77% vs. 42%, p = .05) without sacrificing
academics.
Data reported in a 2007 Florida study conducted by the Office of Program Policy
Analysis & Government Accountability, indicated that career academy students (n = 20,900,
grades 9-12 in 2004-05) perform better regarding absences (2% lower), graduation rates (4%
higher), and standardized test scores (mathematics 3% and reading 5% higher) when compared
to non-academy students (n = 238,462, grades 9-12 in 2004-05) (Office of Program Policy
Analysis & Government Accountability, 2007). In summary, career academies contribute
favorably to student performance.
Participation in a high school career academy is found to have a positive influence on
student post-secondary enrollment, as reported in Stern et al. (2000, 2010), within a few years of
graduation. Specifically, DeLuca, Plank, and Estacion (2006) found a positive correlation
between student enrollment in CTE courses to enrollment in 2-year colleges. However, DeLuca
et al. (2006), did not find any significant effect, positive or negative, on college enrollment due
to student participation in CTE courses. In addition, Kemple and Willner (2008) found that more
than 90% of all students in their sample, academy and non-academy, had earned a high school
diploma or General Educational Development (GED) certificate within eight years after
graduation.
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The data on post-graduation employment are insignificant to this study, but noteworthy.
Various studies have found mixed results regarding employment and earned income (Kemple &
Willner, 2008; Stern et al., 2000, 2010). Kemple & Wilner (2008) returned to the same
randomly assigned sample from earlier research (i.e. Kemple & Snipes, 2000) and performed a
survey to record the long-term effects of high school career academy participation. The results
show that all career academy student had higher earnings that averaged 11 percent ($2,088) per
year as compared to the non-career academy sample with males averaging a 17 percent ($3,731)
annual earnings increase.
Career Academies use a career theme to integrate the curriculum and provide students
with exposure to a board array of related aspects (Kemple & Snipes, 2000). This aspect of the
design is founded on the tenets of constructivism. Based on the research presented in this
literature review, students should perform better on academic assessments when studying in the
career academy model. In this light, students in middle school career academies, as presented in
this study, should achieve higher test scores on standardized tests.
The career academy model has been used extensively at the high school level, but has not
been implemented and/or studied at the middle school level. The design of middle schools in the
U.S. is highly conducive with implementation of a career academy due to the popular team
approach to school structure. Middle school students move between classes based on their grade
level, not ability like in high school. This allows the teachers ample opportunity to work with
each other to design and implement a career academy without many of the scheduling issues that
plague high school career academy implementation.
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Conceptual Framework
The conceptual framework for this study is based on the theory of constructivism. This
theory suggests that all knowledge that humans learn is “constructed” on knowledge that we
already know (Brown, 1998; Hruby & Roegiers, 2013). Constructivists also believe that learning
is formed by building new knowledge on past experiences in relevant contexts (Beane, 1997;
Fosnot, 2005; Fosnot & Perry, 2005). Constructivism is often related to problem- and/or projectbased learning (Pierce, 2013) and lends itself to be used in a social situations where participants
solve problems (Brown, 1998; Fosnot, 2005).
Educational theories have been used in colleges of education to conceptualize the acts of
teaching and learning. Over the last 75 years the U.S. education system has experienced the
movements of objectivists, behaviorists, and currently cognitive theorists (Brown, 1998;
Doolittle & Camp, 1999). This theoretical progression grew from an instructional focus on the
knowledge (objectivists), to the learner’s behavior (behaviorists), and eventually to the learner
(cognitive theorists) (Brown, 1998).
The fundamental premise of constructivist learning theory is that people create their
knowledge based on their personal meaning from past experience (Doolittle & Camp, 1999;
Fosnot, 2005; Fosnot & Perry, 2005; Hruby & Roegiers, 2013). This “constructed” knowledge
does not have to actually be the true reality, but only one that agrees with the learners past
experience. Further, the constructivist theory epistemology is bound to the concepts of
subjectivity and relativity (Doolittle & Camp, 1999).
Constructivism has evolved from three separate forms to a unified theory accepted by
most educational leaders (Doolittle & Camp, 1999; Fosnot, 2005). The three forms: (a)
cognitive constructivism, (b) radical constructivism, and (c) social constructivism have slight
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theoretic differences, they all are united on the type of pedagogy that promotes the overall
constructivist learning theory (Doolittle & Camp, 1999). These essential pedagogical factors are
as follows:
1. Learning should take place in authentic real-world environments
2. Learning should involve social negotiation and mediation
3. Content and skills should be made relevant to the learner
4. Content and skills should be understood within the framework of the learner’s prior
knowledge
5. Student’s should be assessed formally, serving to inform future learning experiences
6. Students should be encouraged to become self-regulatory, self-mediated, and self-aware.
7. Teachers serve primarily as guides and facilitators of learning, not instructors.
8. Teachers should provide for and encourage multiple perspectives and representations of
content.
Social interaction during learning is another foundational, and accepted, premise of
constructivist learning theory (Fosnot, 2005; Windschitl, 1999). This premise originates from
the pragmatic philosophical works of Richard Rorty (1991). The three main tenets of this
premise are summarized by Savery and Duffy (2001) as: “… (a) understanding is in our
interactions with the environment, …(b) cognitive conflict or puzzlement is the stimulus for
learning and determines the organization and nature of what is learned, and …(c) knowledge
evolves through social negotiation and through the evaluation of the viability of individual
understandings” (p. 1-2). Under this premise, constructivism is the natural framework for the
career academy structure (Lynch, 2000). Further, the types of activities students engage in while
enrolled in the career academy are based on constructivist values.
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Social learning through interaction and the construction of new knowledge upon past
experiences is imbedded within problem-based learning (PBL) curriculum (Pierce, 2013; Savery
& Duffy, 2001). The engineering academies in this study implement integrated curriculum
through a problem-based learning methodology. The PBL instructional units possess the
following instructional principles, identified by Savery and Duffy (2001) as well as Lebow
(1993), as imperative to the implementation of a constructivist approach to instruction:
1. Anchor all learning activities to a larger task or problem.
2. Support the learner in developing ownership for the overall problem or task.
3. Design an authentic task.
4. Design the task and the learning environment to reflect the complexity of the

environment they should be able to function in at the end of learning.
5. Give the learner ownership of the process used to develop a solution.
6. Design the learning environment to support and challenge the learner’s thinking.
7. Encourage testing ideas against alternative views and alternative contexts.
8. Provide opportunity for and support reflection on both the content and the learning

process.
These eight principles of problem-based learning are closely related to the eight essential factors
for constructivist pedagogy as described by Doolittle and Camp (1999). In this light, it can be
infer that PBL, intentionally or not, is founded on constructivist premises. The use of PBL
instruction may influence student learning outcomes in a variety of ways. Specifically, it may
provide students with alternative ways to solve problems and perform better on standardized
tests. Therefore, the standardized test grades could be an indicator of the effectiveness of PBL
and the constructivist approach as implemented through a career academy.
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In summary, we can see that engineering education is a complex and important issue.
The STEM movement has emerged to drive curriculum development and funding into education
systems to help strengthen the engineering pipeline. Multiple programs have surfaced to assist
educators in the development of this pipeline. These programs are implemented at various levels
of fidelity and educators look for new ideas to help with meeting engineering needs. The career
academy model has been successful in various implementations and may be a new solution for
engineering education at the middle school level.
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Chapter 3: Method
The purpose of this study was to determine whether students who participated in a
engineering career academy program performed better in reading and mathematics on the Florida
Comprehensive Assessment Test (FCAT) compared to a matched group of non-academy
students. The following research questions were examined:
1. Do students enrolled in a middle school career academy, with a STEM engineering
theme, perform better on the FCAT mathematics assessment compared to students in a
non-academy education program?
2. Do students enrolled in a middle school career academy, with a STEM engineering
theme, perform better on the FCAT reading assessment compared to students in a nonacademy education program?
This chapter describes the research design, the career academy context, data source and grouping
strategy, related variables, data collection procedures, and analysis.
Research Design
This study used a quasi-experimental design using propensity score analysis to analyze
student academic performance. Since the data analysis was performed ex post facto and the
career academy group was not assigned using random assignment, this study is not a true
experiment but used a statistical matching technique to control for extraneous variables. The
design features a control group (i.e., non-CTE enrolled students) and a treatment group (i.e.,
engineering career academy enrolled students). All the participants in the study were middle
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school students enrolled in a large school district located in the southeastern United States. The
participants were matched using propensity score matching (PSM). In general, statistical
matching techniques were used to “balance” covariates in the related treated and control groups.
This balance provides a means to align the covariates based on empirical distributions formed on
similarity between the matched treated and control groups (Stuart, 2010). The treatment
participant data were derived from the school district (i.e., LEA) database and selected based on
student enrollment in the engineering career academies. The control group (i.e., matched group)
participants were selected based on their non-enrollment in a Career and Technical Education
course in the same school year and same grade level as the engineering career academy students.
Career Academy Context
The treatment group in this study was enrolled in middle school engineering career
academies, during the 2008 – 2012 school years, in a large school district. These academies used
the National Standards of Practice (NSOP) to administer the state mandated curriculum
frameworks across academic topics in an integrated format. Students enrolled in each
engineering career academy moved between classes as a cohort, sharing the same teachers for
each subject (i.e., mathematics, science, engineering, social studies, and language arts). The
cohort was maintained over the entire middle school level (6-8 grades) and each student had the
same subject teacher all three years.
All the participants in the study were in a large school district comprised of rural and
urban environments. Both engineering career academies were in urban portions of the LEA.
Students varied in SES, gender, race, and academic abilities. At the time of the study, the district
was home to over 1.2 million people with 75.6% White, 17% Black, and 26% Hispanic or Latino
self-reported populations (some citizens reported themselves in multiple categories). The district
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public school enrollment was 40% White, 29% Hispanic, and 21% Black (10% in other types of
categories) with 57% consisting of low SES populations (see Table 1). Twelve percent of the
students were identified as English language learners and the district reported an 82.2%
graduation rate.

Table 1
Demographic Breakdown 2013
Total
Population

White %

Black %

Latino %

State

19,893,297

78.1%

16.7%

23.6%

District

1,200,000

75.6%

21%

26%

201,000

40%

21%

29%

Public School

Note: Table 1 percentages do not add up to 100% as some citizens reporting as multiple
categories. The Public School reporting is only reported to match the State and District data.
The remaining 10% of Public School population would be reported under Asian, Am. India,
Multi-Racial, and Other.

The treatment group participants were identified based on their enrollment in either one
of two engineering career academies in the school district. At one of the engineering career
academies, the engineering theme was focused on bioengineering. Here, engineering concepts
were taught using teacher-identified examples from the bioengineering discipline (e.g., the
concept of ethical behavior in engineering using genetically modified organisms). In the second
engineering career academy, the theme was “pre-engineering.” This academy used examples
from a variety of engineering disciplines to deliver the content (e.g., robotics, simple machines,
and rocketry). The curricular standards, as well as the summative content assessments, were the
same in each engineering career academy. The FCAT standardized scores, used in this study as
the comparison data, were based on grade level enrollment and did not consider thematic
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differences in the curriculum. At the time of this study, the FCAT was the test used as part of the
statewide assessment program.
The teachers in both engineering career academies were trained on the implementation of
the formal National Standards of Practice (NSOP) career academy model using the same training
materials and through a district-developed professional development course sequence. All
teachers participating in the training worked on the development of integrated curriculum units
corresponding with their theme and the implementation of the resulting curriculum was delivered
by the same instructors.
The STEM Academies, as they were called, were comprised of five teachers, for a total
of 10 between the two middle schools included in this study. Each teacher was responsible for
the delivery of the state mandated curriculum standards. Each teacher used the NSOP as a
framework for classroom operations (see Appendix A). One teacher on each team was
designated as the lead teacher and is responsible for communications with the district office.
The other teachers all had various responsibilities to maintain the implementation of the NSOP.
Teacher experience and degree attainment is found on Table 2.
The researcher was part of the district team supporting these engineering career
academies. He was salaried on a 4 – year grant and paid to provide teacher professional
development, assistance with implementation, and was the main communication liaison between
the engineering career academies, the district CTE office, and the grantee. The grant was non –
renewable. The engineering career academies in this study were only a small part of the grant
requirements.

39

Table 2
Engineering Academy Teacher Characteristics
Experience in Years (A/B)
Academy Teacher

Degree Level (A/B)

Social Science

13/7

Bachelor/Bachelor

Engineering

43/9

Master/Master

Science

6/10

Bachelor/Master

Mathematics

17/10

Master/Master

Language Arts

3/12

Bachelor/Master

Note: Academy A data are listed before the backslash and Academy B data is listed after the
backslash.
Data Source and Grouping
The study compared student performance on the 8th grade Florida Comprehensive
Assessment Test (FCAT) between students enrolled in the career academy with an engineering
theme (engineering career academy) and demographically and academically similar students not
enrolled in any career and technical education (CTE) instructional programs (control group).
The criterion for the selection of the engineering career academy participants was
enrollment in one school that housed one of the two academies, for the entire three years of
middle school (grades 6th – 8th) in the 2008 -2013 school years. The data were collected through
the internal district reporting system with approval from the district’s assessment and
accountability office. Using an ex post facto approach, the data were analyzed by comparing the
engineering career academy group with a matched group of non – CTE students. The
engineering academy students were identified by their enrollment in the state courses that
correspond to each school’s master schedule (see Table 3).
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Table 3
Participant Enrollment Courses as Criteria for Control Group Selection
Grade Level
Course Title
6th Grade

Orientation to Technology
Introduction to Technology

7th Grade

Exploration of Technology

8th Grade

Engineering Technologies

These courses were part of the engineering and technology education career cluster and
designed to introduce students to engineering and technology concepts as well as career
development. The state of Florida has arranged its CTE curriculum into 17 career clusters (e.g.
Agriculture, Food, & Natural Resources, Architecture & Construction, Business Management &
Administration, Education & Training, Energy, Finance, Health Science, etc.). The standards in
the two courses in the 6th grade focused student career development in the career cluster. The
standards in the courses in the 7th and 8th grade were specific to basic technology and engineering
concepts.
The engineering career academy group included data on about 236 students derived from
the district database on student performance on all students. Data on students enrolled in the
engineering career academies were pulled from the district database and reported in Table 4.
Only students who were enrolled in their respective engineering career academy for the
entire three years (i.e., 6 – 8 grade) were included in the study. An analysis of enrollment was
completed and the participants in each cohort were identified. In some cases, for instance,
students joined a career academy cohort in the 7th-grade, but they were excluded from the sample
because they did not have three years of participation.
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Table 4
Total Number of Participants in Each Grade by School Year
School Year

6th Grade

7th Grade

8th Grade

08-09

79

09-10

79

76

10-11

79

81

77

237

11-12

79

74

79

232

Cohort Total

79
155

Matching strategy for control group.
Participants in the study did not have homogenous demographics as both of the
engineering career academies were located in urban areas with significantly diverse populations.
It is widely accepted that the use of a comparison group that is similar to the treatment
(intervention affected) group increases the validity of the inferences researchers can draw from
the findings (Song & Herman, 2010). Due to the design of this study, non-random assignment is
a critical issue that comes to the surface regarding student motivation and similarities of the
samples. Many studies, as cited by the What Works Clearinghouse (WWC), have been found to
use faulted analytical methods and therefore have questionable results. Most of these WWC
(Murnane & Willett, 2011) cases have issue with the lack of use of random assignment and
therefore, potentially having more motivated participants. For example, the students and parents
who chose to enroll in the career academy may exhibit more interest in being successful simply
by their choice. The reasoning for this is that typically students take the initiative to enroll in a
special program or participate in an intervention to receive the perceived benefit of being
included in these various programs.
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To reduce the bias created by confounding variables that may exist in the sampling, the
propensity score matching (PSM) technique was used in the study. PSM has gained much
acceptance over the past few years as a viable research method on social science (Lane, To,
Shelley, & Henson, 2012; Stuart, 2010; Thoemmes & Kim, 2011). This acceptance can be
attributed to various research studies that have found that PSM can outperform other matching
techniques because it balances many variables at once and can approximate randomization (Gu
& Rosenbaum, 1993; Stuart, 2010). In different terms, Thoemmes and Kim (2011) described the
propensity score as a “conditional probability that expresses how likely a participant is to be
assigned or to select the treatment condition given certain baseline characteristics” (p. 92). Of
course, PSM cannot completely replicate random assignment design because it cannot be used to
control unobserved variables, as the scores can only be derived from observed covariates (Bia,
2011; Stuart, 2010).
Caliendo and Kopeinig, (2008) describe the PSM process in five steps: (a) propensity
score estimation, (b) choosing a matching algorithm, (c) check overlap/common support, (d)
matching quality/effect estimation, and (e) sensitivity analysis. In the first step, it is important to
decide on the estimation model. In addition, the researcher needs to decide which variables
should be included in the model (Caliendo & Kopeinig, 2008). For this study the PSM variables
were: (a) social economic status, (b) limited English, (c) prior year (5th grade) reading and
mathematics ability levels (using FCAT Developmental Scale Scores), (d) sex, (e) race, and (f)
percentage of students in the school that are considered low social economic status (see Table 5).
The second step involves choosing the correct matching algorithm. Here, the researcher
must examine the differences in the covariates (s) based on the treatment variable (z) using
independent samples, t-tests, or chi square analysis (Hahs-Vaughn & Onwuegbuzie, 2010). In
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Table 5, the list of variables used for PSM are reported including the algorithm used to determine
the preliminary differences in the treatment and control groups. This step is used to determine
which covariates may indicate differences based on treatment. The third step of PSM requires
that the causal variable (z or enrollment in the STEM Academy) to be modeled as an outcome of
the covariates (x) using logistic regression, this output generates the propensity score.
Table 5
Variables and Types of Algorithms for Propensity Score Matching
Covariate

Data Type

Algorithm

SES

Categorical

Chi Square

Limited English

Categorical

Chi Square

5th Gr. FCAT DSS Reading

Contiguous

Independent t-test

th
5Grade
Gr. FCAT DSS Math
Sex

Contiguous

Independent t-test

Categorical

Chi Square

Race

Categorical

Chi Square

School SES

Contiguous

Independent t-test

PSM can be completed using statistical analysis software such as SPSS. In turn, in step
four, the participants are sorted by their propensity score into strata. This is done to eliminate the
distance between the matched pairs and achieve balance (Gu & Rosenbaum, 1993). For
example, strata 1 would represent the lowest probability of being in the engineering career
academy, while strata 5 would represent the highest probability of enrollment in the engineering
career academy. Each stratum should have the same number of participants. Cochran (1968)
recommends the creation of at least five strata to remove approximately 90% of the bias. In
addition, Caliendo and Kopeinig, (2008) recommend checking the strata for balanced propensity
scores. If they are not balanced, they are deemed too large and need to be split.
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In step five, the strata are checked for balance. This can be accomplished by using a
regression model (e.g., logistic regression or regression) with each covariate as the dependent
variable (Hahs-Vaughn & Onwuegbuzie, 2006). To this end, the causal variable (z or
engineering career academy enrollment) would be used as an independent variable, along with
the four remaining strata dummy-coded. The results would be reviewed for non-statistical
significance with the coefficient of the causal variable as an indicator of balance on the selected
covariate within the strata.
In the study, the data were matched using the appropriate algorithm and grouped using
the “nearest neighbor” technique. This matching method selects for each treated individual i the
control individual with the smallest distance from the treated individual i. This method performs
a 1:1 match for each i to the control individual (Stuart, 2010). For this study, the researcher
selected to use a many to 1 (M : 1) matching method and a 3 untreated participants to each
treated participant (3:1) ratio. This methodology allows for the untreated participants to be
“weighed” 1/3 each on the covariates. This weighing provides an increased goodness of fit for
the propensity score that may be created due to the variability of the covariate data of each
individual (Austin, 2008; Thoemmes, 2012).
Variables
The FCAT developmental scale score (DSS) was used for the analysis for each student
cohort (grades 6th – 8th) during the 2008-2013 school years. The FCAT developmental scale
score is used to determine student FCAT attainment level. A student that achieves a level three
or higher is considered passing. The performance level (1 – 5) is derived from a predetermined
range of DSS. See table 6.
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The FCAT has been tested for reliability and validity by the Florida Department of
Education. Regarding reliability, the FCAT was evaluated for (a) internal consistency, (b) testretest reliability, (c) inter-rater reliability, and (d) reliability of classifications (Florida
Department of Education, 2004). The reliability components were evaluated using Cronbach’s
alpha and found that the FCAT (2001-2003) items, across all administered grade levels (i.e.,
grades 3-10) ranged in the coefficient of internal consistency from α = .87 to α = .92 in reading
and α = .87 to α = .93 in mathematics. These levels of Cronbach’s alpha are considered good
(.8 ≤ α < .9) and excellent (α ≥ .9).
The evaluation of FCAT validity was based on three sources of evidence: (a) contentrelated evidence, (b) criterion-related evidence, and (c) construct-related evidence. To ensure
content-related evidence validity, the FCAT was written by a group of educators and citizens
using assessment item specifications. In addition, the items were pilot tested to determine their
psychometric properties and reviewed by instructional specialists and practicing teachers
(Florida Department of Education, 2004). The criterion-related validity was evaluated by
comparing the correlation of the FCAT to the Stanford 9 exam. The findings show that the
correlation was statistically acceptable as it ranged from r = .78 to r = .85 in reading and r = .77
to r = .85 in mathematics. These findings show that there is a strong correlation (r ≥ .7) between
the FCAT and the Stanford 9 exam. Finally, the construct-related evidence of validity was
evaluated using convergent and discriminant analysis. According to the Florida Department of
Education (2004) the findings show that the FCAT “…reading and mathematics test have
substantial convergent validity” (p. 27). As a result of these analyses, the FCAT was deemed as
the acceptable standardized test for Florida students during the time of this study.
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Data Collection
The data in the study were secured through the school districts Assessment and
Accountability office as mandated by district (LEA) policy. A formal request process was
followed to obtain permission to use the data for publication. Upon accessing the data, no
personally identifiable information was used in the study.

The data source was a secondary

analysis and the researcher did not have any contact with the participants.
Permission to conduct the student was secured from district officials as part of the regular
process for conducting research. Since study data cannot be traced to individual students
parental consent was not needed for the study, as would be required by the IRB using a direct
data collection process.
To complete the data request process, the researcher submitted the request for the
variables. The Assessment and Accountability office sorted the data as requested and provided
the resulting data set in an agreed upon format (i.e., Excel and SPSS). In general, these data
were available at the district administration level and were used for grant writing and outcomes,
internal student performance tracking, as well dissemination to principals for curriculum design
purposes.
Data Analysis
The data analysis focused on two dependent variables, (a) FCAT Reading and (b) FCAT
Mathematics. The FCAT performance data were analyzed based on the developmental scale
scores (DSS) for each match.
Data calculations for FCAT performance of the engineering career academy group vs.
the control group were performed using an independent t-test to test the null hypothesis (H0: µ1 -
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µ2 = 0) at a .05 alpha level. Participant reading and mathematics student developmental scale
scores were analyzed and compared using the SPSS software.
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Chapter 4: Results
The purpose of this study was to determine if students enrolled in a middle school
engineering career academy model based on the National Standards of Practice performed better
on a standardized high – stakes test (i.e., FCAT) as compares to their peers, not enrolled in a
career academy. Students were matched using a propensity score matching (PSM) technique for
the analysis of their performance in mathematics and reading.
Data Source and Data Description
The data were gathered from the local education area (LEA) database. All students tested
in the LEA had their standardized test results stored in the database. These data were used to
perform analyses to determine the district’s performance and inform future program
development, enrichment, remediation, and performance rank within the state. The LEA
department of assessment and accountability managed these datasets and provided the requested
data for this study through a formal research request meeting IRB standards.
Florida Comprehensive Assessment Test (FCAT) Developmental Scale Scores (DSS)
were used to evaluate the students. The DSS were selected as they were the raw scores of
student performance. At the time of the study, the state of Florida used the FCAT DSS to
determine student achievement level (1 – 5) rating on their performance. The DSS were also
reported as Scale Scores (SS) in ranges of 100 – 500 but these scores were not used for the study
as they acted as a percentile score to link the various versions (annual adjustments) of the FCAT.
The Florida Department of Education (2008) determined that Level 3 in reading and
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mathematics was considered on Grade level and described as Level 3 “indicates partial success
with the content on the FCAT” (p. 6). The full range of DSS and the level equivalents can be
found on table 6.
Table 6
Achievement Levels for the FCAT Reading and Mathematics Developmental Scale Scores
Mathematics
Grade

Level 1

Level 2

Level 3

Level 4

Level 5

6

770 – 1553

1554 – 1691

1692 – 1859

1860 – 2018

2019 – 2492

7

958 – 1660

1661 – 1785

1786 – 1938

1939 – 2079

2080 – 2572

8

1025 – 1732

1733 – 1850

1851 – 1997

1998 – 2091

2092 – 2605

Reading

Grade

Level 1

Level 2

Level 3

Level 4

Level 5

6

539 – 1449

1450 – 1621

1622 – 1859

1860 – 2125

2126 – 2758

7

671 – 1541

1542 – 1714

1715 – 1944

1945 – 2180

2181 – 2767

8

886 – 1695

1696 – 1881

1882 – 2072

2073 – 2281

2282 – 2790

Characteristics of Participants
The participants in the study were 6th, 7th, and 8th graders enrolled in two engineering
career academies at different schools. The participants were enrolled in all three years of the
middle school engineering career academies from 2008 – 2012. These participants shared the
same teachers for their engineering, mathematics, science, language arts, and social studies
classes during all three years. Their teachers shared a common planning time and focused on
engineering as the context for all the classes. The teachers also designed engineering themed
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units every quarter across the curriculum. Students performed experiments in science, learned
about the social aspects of the experiments in social studies, read about engineers engaged in
similar foundation experiments in language arts, made the calculations in mathematics, and
completed the design cycle and presented their solutions in the engineering class. These
constructivist curriculum concepts were consistently applied in the intervention (i.e., career
academy) analyzed in this study.
Due to the scheduling design of the engineering career academy, participants who were
enrolled in the 6th grade progressed through to the 8th grade, unless withdrawn. There were only
a few students who were allowed to enroll in the engineering career academy without starting in
the 6th grade, but they were not included as participants. All engineering career academy
students had to meet the enrollment criteria of have a level 3 FCAT score (FACT uses a five –
point scale with levels > 3 considered a passing score) in the previous school year for Reading
and Mathematics.
The data were analyzed by year of enrollment starting in the 08-09 school year, the
original engineering career academy cohort for both schools. All the participants for 08 – 09
were in the 6th grade. For the 09 – 10 cohort, there were two groups of students; 6th and 7th
grade. Finally, for the 10 – 11 and 11 – 12 cohorts, the participants were enrolled in all three
middle school grades (see Table 7).
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Table 7
Total Number of Participants in Each Grade by School Year
School Year

6th Grade

7th Grade

8th Grade

08-09

79

09-10

79

76

10-11

79

81

77

237

11-12

79

74

79

232

Total

79
155

The students in Table 7 were matched to “like” students through the PSM technique as
described the following sections. The matching method created a 3:1 ratio for the participants in
the engineering career academy. Demographic data of the entire sample are found on Table 8.
Table 8
Descriptive Statistics of the Study Participants by Cohort Year
08 – 09
09 – 10
10 – 11
T
C
T
C
T
C

11 – 12
T
C

Male
Female

45
34

127
108

78
77

226
228

123
114

358
442

123
109

342
338

SES*
N-SES*

41
38

121
114

76
79

225
229

109
128

324
362

84
148

250
430

Am. Indian
1
2
1
4
Asian
1
1
4
9
5
11
4
19
Black or
16
51
24
69
42
126
42
144
African
Am.
Hispanic
15
47
33
107
43
141
46
152
Multi
6
19
15
51
19
46
69
17
White
40
115
155 454
128 362
122 355
Note: Participants in each cohort year are divided by Academy (T = Treatment) and Non-CTE
(C = Control). *The number of participants is reported by those who qualified for Free or
Reduced Lunch (SES) and participants who did not qualify or asked to be evaluated for
qualification (N – SES).
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Covariate Selection and Overall Balance
Each year’s cohort was propensity score matched to a control group comprised of
students from across the LEA who were not enrolled in either of the engineering career
academies. To begin the matching process, a set of covariates historically used by the LEA to
account for differences in student performance were selected for the study. These variables
included social economic status, limited English performance, sex, race, and school population
social economic status as measured by the percentage of students eligible for free or reduced
lunch at their school. In addition, prior year FCAT reading and mathematics developmental
scale scores were added as performance on these variables dictate a student’s ability to enroll in
the STEM academy (see Table 9).
Table 9
Variable and Types of Algorithms for Propensity Score Matching
Covariate

Data Type

Algorithm

SES

Categorical

Chi Square

Limited English

Categorical

Chi Square

Prior FCAT DSS Reading

Contiguous

Independent t-test

Prior FCAT DSS Math

Contiguous

Independent t-test

Sex

Categorical

Chi Square

Race

Categorical

Chi Square

School SES

Contiguous

Independent t-test

Balance in this data set was examined by comparing the L statistic (Iacus, King, & Porro,
2011) (see Table 10).
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Table 10
Relative Multivariate Imbalance Measure L1
Cohort Year

Before

After

08-09
09-10
10-11
11-12

.996
.998
.998
.998

.945
.966
.951
.915

The L statistic assesses the balance of all covariates including interaction effects (Iacus,
King, & Porro, 2011). The L statistic is defined as
L1 = ½ ∑ l 1 …l j│t l 1 …l k ― C l 1 …l k │
where L is the frequency for each given cell, arranged 1 to k, in the multivariate contingency
table, for both groups (Lane, To, Shelley, & Henson, 2012). The L statistic range is 0 to 1 and
should be smaller after the matching in complete (Thoemmes, 2012). In all cohorts, the L
statistic value was lower after matching, suggesting that the overall balance has improved.
Nearest Neighbor Matching Within a Specified Caliper
Propensity scores were used to match the engineering career academy group to the
control group data set to identify student who did not enroll in the engineering career academy
but had the likelihood (i.e., propensity score) of participating in the treatment. Matching is
automated in the syntax using a nearest neighbor within a measure caliper (d = 0.2) to identify
subjects who were well matched. As literature suggests, “this distance was specified a priori as
the standard mean differences in the logit transformations of the propensity score” (Lane et al.,
2012, p. 194). The syntax was set to a ratio of 3:1 generating 3 control group matches to each
treatment group participant.
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Post-matching Analyses to Evaluate Balance
Once the matching was completed, the data were reviewed to evaluate the balance of the
propensity score matching model. Rubin (2001) suggested that the standardized difference in the
means of the propensity must be small (d < 0.20). In all cohorts, this recommendation was met
with the largest difference in the 09-10 cohort (d = 0.017) and the smallest difference in 11-12
cohort (d = 0.006). See Figure 1.
The statistical software created a detailed balance report showing all the covariate means before
and after matching. While all the covariates are important to the matching process to ensure a
low propensity score the covariates Prior FCAT DSS Reading and Prior FCAT DSS Math are
directly related to the research questions. In all cohorts the matching technique improved the
propensity scores and minimized the variance between means in the covariates. See Table 11.
Post Matching Analysis of Treatment Effects
Once the matching was completed the groups were compared on selected outcomes,
FACT performance on Mathematics and Reading. The difference in the treatment group should
be more reflective of the true effect, as if using an experimental design, when compared to a
matched sample (Hahs-Vaughn & Onwuegbuzie, 2006; Lane et al., 2012; Rosenbaum, & Rubin,
1983). Thus, to test the hypothesis and answer the research questions each cohort engineering
career academy group and matched control groups were analyzed using an independent t-test.
The effect of the treatment, enrollment in a engineering career academy, was exhibited in student
performance on the FCAT in Mathematics and Reading. The Developmental Scale Score was
used in the analysis to assess performance. This score was considered the raw data of student
performance on the assessments.
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2008 – 2009 Cohort

2009– 2010 Cohort

2010 – 2011 Cohort

2011 – 2012 Cohort

Figure 1. Standardized mean difference in propensity scores before and after matching by
cohort.
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Table 11
Covariate Balance Pre – and Post – Matching on Select Covariates for Students
Entering the 6th Grade STEM Academy and Corresponding Propensity Score Matched
Participants
Covariates

Means
STEM

Means
Control

SD
Control

Standardized Mean
Difference

Before

Before

Before

After

08-09
Propensity

.042

.006

.018

.790

.010

PreYearRead

1850.550

1608.209

332.249

1.103

.082

PreYearMath

1866.925

1669.856

257.167

1.638

.083

Propensity

.029

.003

.012

1.625

.017

PreYearRead

1971.823

1665.048

338.897

1.625

.180

PreYearMath

1894.570

1681.010

271.239

1.498

.094

Propensity

.064

.008

353.765

.904

.013

PreYearRead

1973.062

1722.742

353.765

1.119

.068

PreYearMath

1925.718

1740.931

260.747

1.399

.113

Propensity

.079

.007

.026

.837

.006

PreYearRead

1991.244

1714.659

343.275

1.123

.098

PreYearMath

1934.810

1739.574

267.258

1.295

.160

09-10

10-11

11-12
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Engineering Academy Data Analysis Results
Each cohort was analyzed separately. The following section provides the group statistics
and the results of the independent t-tests by cohort.
2008 – 2009 Engineering academy cohort statistical analysis.
In the 08 – 09 cohort, there were 79 participants in the engineering career academy
(Academy Student) group with 235 matched control participants. The engineering career
academy (Academy Student) participants mathematics (M = 1864.30, SD = 118.747)
performance was better than the control group performance (M = 1858.39, SD = 182.339). In
reading the engineering career academy group (M = 1839.63, SD = 198.021) performed just
slightly better than the control group (M = 1838.62, SD = 279.710) (see Table 12).
Table 12
2008 – 2009 Group Statistics

Math Developmental
Scale Score

Group Type

N

Mean

SD

d

Academy
Student

79

1864.30

118.747

0.043

NON-CTE
student

235

1858.39

182.339

79

1839.63

198.021

235

1838.62

279.710

Reading Developmental Academy
Scale Score
Student
NON-CTE
student

0.005

Note: d indicates Cohen’s effect size which is the difference in means divided by the pooled
standard deviation.
To answer the research questions on student performance on the FACT Mathematics and
Reading an independent t-test was conducted on the relevant developmental scale scores of the
matched groups.
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The SPSS analysis provided two outcomes (a) equal variances assumed and (b) equal
variances not assumed. Levene’s test for homogeneity of variance proved that the null hypothesis
should be rejected and equal variances are not assumed. Analysis of the outcomes when equal
variances are not assumed proved to show no significant differences in cohort academic
performance in both tests. Differences in mathematics (t[207.253] = .331, p = .787, d = 0.043)
and reading (t[189.33] = .035, p =.972, d = 0.005) were not statistically significant and had
similar effect size (see Table 13).
Table 13
Comparison of the Effect from Academy Participation on FCAT Performance
in Reading and Mathematics of the 2008 – 2009 Cohort
t

df

p

d

Math Developmental
Scale Score

Equal variances not
assumed

.331

207.253

.787

0.043

Reading Developmental
Scale Score

Equal variances not
assumed

.035

189.333

.972

0.005

2009 – 2010 Engineering academy cohort statistical analysis.
In the 09 – 10 cohort, there were 155 participants in the treatment group with 454
matched control participants. The engineering career academy participants mathematics (M =
1888.75, SD = 133.325) performance was essentially equal to the control group performance (M
= 1888.71, SD = 194.750). In reading the engineering career academy group (M = 1931.19, SD
= 193.796) performed just slightly better than the control group (M = 1923.74, SD = 274.319)
(see Table 14).
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The SPSS analysis provided two outcomes (a) equal variances assumed and (b) equal
variances not assumed. Levene’s test for homogeneity of variance proved that the null hypothesis
should be rejected and equal variances are not assumed. Analysis of the outcomes proved to
show no significant differences in performance in both tests as well. Mathematics (t[389.774] =
.331, p = .741, d = 0.031) and reading (t[376.813] = .369, p = .712, d = 0.034) (see Table 15).
Table 14
2009 – 2010 Group Statistics
Group Type
Math Developmental
Scale Score

N

Mean

SD

d

Academy
Student

155

1888.75

133.325

0.031

NON-CTE
student

454

1888.71

194.750

155

1931.19

193.796

454

1923.74

274.319

Reading Developmental Academy
Scale Score
Student
NON-CTE
student

0.034

Table 15
Comparison of the Effect from Academy Participation on FCAT Performance
in Reading and Mathematics of the 2009 – 2010 Cohort
t

df

p

d

Math Developmental
Scale Score

Equal variances not
assumed

.331

389.774

.741

0.031

Reading Developmental
Scale Score

Equal variances not
assumed

.369

376.813

.712

0.034
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2010 – 2011 Engineering academy cohort statistical analysis.
In the 10 – 11 cohort, there were 237 participants in the treatment group with 686
matched control participants. The engineering career academy participants mathematics (M =
1921.95, SD = 128.735) performance was essentially equal to the control group performance (M
= 1897.36, SD = 198.261). In reading performance the engineering career academy group (M =
1969.27, SD = 222.348) and the control group (M = 1943.43, SD = 299.838) performed similarly
(see Table 16).
Table 16
2010 – 2011 Group Statistics
Group Type
Math Developmental
Scale Score

N

Mean

SD

d

Academy
Student

237

1921.95

128.735

0.164

NON-CTE
student

686

1897.36

198.261

237

1969.27

222.348

686

1943.43

299.838

Reading Developmental Academy
Scale Score
Student
NON-CTE
student

0.106

The SPSS program provided the same two outcomes as in the prior cohort analysis.
Levene’s test for homogeneity of variance proved that the null hypothesis should be rejected and
equal variances are not assumed. Analysis of the outcomes when equal variances are not
assumed proved to show a significant difference (p = .05) in mathematics (t[550.784] = 2.180, p
= .0268, d = 0.164) but no significance in reading (t[550.784] = 1.402, p = .1615, d = 0.106)
performance (see Table 17).
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Table 17
Comparison of the Effect from Academy Participation on FCAT Performance
in Reading and Mathematics of the 2010 – 2011 Cohort
t
df

p

d

Math Developmental
Scale Score

Equal variances not
assumed

2.180

550.784

.0268

0.164

Reading Developmental
Scale Score

Equal variances not
assumed

1.402

550.784

.1615

0.106

2011 – 2012 Engineering academy cohort statistical analysis.
In the 11 – 12 cohort, there were 232 participants in the engineering career academy
group with 680 matched control participants. The engineering career academy participants
mathematics (M = 1924.07, SD = 138.117) performance was slightly better than the control
group’s performance (M = 1887.45, SD = 214.413). In reading the engineering career academy
group (M = 1975.81, SD = 232.731) performed slightly better than the control group (M =
1928.17, SD = 291.572) as well (see Table 18).
The SPSS program provided the same two outcomes as in the prior cohort analysis.
Levene’s test for homogeneity of variance proved that the null hypothesis should be rejected and
equal variances are not assumed. Analysis of the outcomes when equal variances were not
assumed proved to show a significant difference (p = .05) in mathematics (t[623.606] = 2.991, p
= .0029, d = 0.227) and in reading (t[496.232] = 2.517, p = .0122, d = 0.191) performance (see
Table 19).
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Table 18
2011 – 2012 Group Statistics
Group Type
Math Developmental
Scale Score

N

Mean

SD

d

Academy
Student

232

1924.07

138.117

0.227

NON-CTE
student

680

1887.45

214.413

232

1975.81

232.731

680

1928.17

291.572

Reading Developmental Academy
Scale Score
Student
NON-CTE
student

0.191

Table 19
Comparison of the Effect from Academy Participation on FCAT Performance
in Reading and Mathematics of the 2011 – 2012 Cohort
t

df

p

d

Math Developmental
Scale Score

Equal variances not
assumed

2.991

623.606

.0029

0.227

Reading Developmental
Scale Score

Equal variances not
assumed

2.517

496.232

.0122

0.191

In summary, while the later 10 – 11 and 11 – 12 cohort data showed significant
performance increases in the engineering career academy scores, the effect size, Cohen’s d, was
very small (see table 20).
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Table 20
Effect Size Summary by Cohort

08 – 09

Mathematics
0.043

Reading
0.005

09 – 10

0.031

0.034

10 – 11

0.164

0.106

11 – 12

0.227

0.191
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Chapter 5: Discussion
The purpose of this study was to determine whether participation in a middle school
career academy with an engineering theme increases student academic performance defined by
mathematics and reading scores on state standardized tests. Middle school student performance
was based on mathematics and reading results on the Florida Comprehensive Assessment Test
(FCAT). The treatment group was enrolled in a engineering career academy and their data were
compared to propensity scored matched (PSM) students who were not enrolled in the
engineering career academy or any Career and Technical Education (CTE) program in a large
southern local educational area (LEA). The test performance data were analyzed using
independent t– tests and Cohen’s d effect sizes to compare means of the Developmental Scale
Score (DSS) of the participants to the matched control group.
The engineering career academies were unique to the LEA due to their curriculum and
instructional design. They follow the National Standards of Practice (NSOP) for career
academies with fidelity. The NSOP define the best practices for career academy design to ensure
a structured and sustainable experience based on three constructs: (a) a small learning
community, (b) a college preparatory curriculum with a career theme, and (c) community and
industry partnership through the use of an advisory board. For the engineering career academy
design details refer to Appendix A: National Standards of Practice at the Middle School.
In addition to the NSOP, the engineering career academies implemented cross –
curriculum units of instruction. These units were designed in a manner that allowed students to
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explore various concepts in mathematics, engineering, language arts, social studies, and science.
The teachers selected concepts from the state standards and decided on a theme that allowed for
objectives, assessments, and activities to be implemented across each one of the disciplines
during the implementation of the instructional units. There were multiple units during the year
totaling about one month of instruction. For an example of a unit please refer to Appendix B:
Integrated Curriculum Design.
During the first two years of implementation, engineering career academy students did
not perform significantly better on either the mathematics or reading FCAT tests. In the third
year of implementation, the engineering career academy students performed significantly better
in mathematics only. Finally, the results show that in the fourth year of engineering career
academy implementation, there was a significant increase in performance on the FCAT in both
reading and mathematics. Nevertheless, the analysis showed that the while the performance was
significant, the effect sizes were small. Detailed result analysis, limitations, and future research
recommendations are discussed in this chapter.
Summary of Results
Mathematics performance results.
In 2008 – 2009, the first year of the engineering career academy implementation, there
was a small number of participants (n = 79). Their FCAT mathematics performance (M =
1864.30, SD = 118.747, d = 0.043) almost matched the performance of the matched control
group (M = 1858.39, SD = 182.339). As in the reading results for this year, the performance of
the engineering career academy students was insignificant (t[207.253] = .331, p = .787, d =
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0.043) and the only difference between the groups was a smaller SD for the engineering career
academy students. The effect size (d = 0.043) was close to zero.
In the second year (2009 – 2010) of the engineering career academy, the student sample
size increased (n = 155) as another class of students entered the program. The results for this
cohort were similar to the previous year in mathematics performance (M = 1888.75, SD =
133.325, d = 0.031). The matched control group also performed similarly to the previous year (M
= 1888.71, SD = 194.750). When analyzed using the independent t-test, the engineering career
academy student performance was insignificant (t[389.774] = .331, p = .741, d = 0.031).
The results for the third year (2010 – 2011) engineering career academy student
performance in mathematics (M = 1921.95, SD = 128.735, d = 0.164) compared to the matched
control group performance (M = 1897.36, SD = 198.261) was significant (p < .05) when
measured with a t – test (t[550.784] = 2.180, p = .0268, d = 0.164). However, the effect size was
small (d = 0.164). With the increase in sample size (n = 237) for this year, it is highly probable
that the associated increase in power contributed to the ability to detect the significance in
performance.
In the fourth year (2011 – 2012) the sample size (n = 232) remained close to the previous
year. Once again, the engineering career academy students performed significantly better (p <
0.5) on their FCAT mathematics exam (M = 1924.07, SD = 138.117, p = .0029, d = 0.227) when
compared to the non – CTE matched control group (M = 1887.45, SD = 214.413) as measured by
the t – test (t[623.606] = 2.991, p = .0029, d = 0.227). The effect size (d = 0.227) was small.
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Reading performance results.
During the first year (2008 – 2009) of implementation, the engineering career academy
had a small number of participants (n = 79) and their performance on the FCAT reading was not
significant when compared to the matched group. The data show that the engineering career
academy students (M = 1839.63, SD = 198.021, d = 0.005) performed very similarly to the
matched students (M = 1838.62, SD = 279.710) with only a smaller standard deviation as a slight
difference. The performance of the engineering career academy students was not significant as
reported by the outcome of the t – test (t[189.33] = .035, p =.972, d = 0.005). The effect size (d
= 0.005) was close to zero.
During the second year (2009 – 2010) of engineering career academy implementation,
the sample size just over doubled (n = 155) and the results stayed similar to the 2008 – 2009
cohort. The engineering career academy students did not perform (M = 1931.19, SD = 193.796,
d = 0.034) significantly better (t[376.813] = .369, p = .712, d = 0.034) compared to the matched
control group (M = 1923.74, SD = 274.319). Again, there was a slight smaller SD in the
engineering career academy results. The effect size remained close to zero (d = 0.034) for this
cohort data analysis.
During 2010 – 2011 the sample size increased (n = 237) yet again due to having a full
middle grades (6th, 7th, and 8th) engineering career academy cohort. Engineering career academy
student performance in reading (M = 1969.27, SD = 222.348, p = .1615, d = 0.106) was again not
significant (t[550.784] = 1.402, p = .1615, d = 0.106) when compared to the matched control
group performance (M = 1943.43, SD = 299.838). The effect size (d = 0.106) was small.
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In the final year of analysis for the study (2011 – 2012) the sample size remained close to
the previous year (n = 232). The engineering career academy cohort performed significantly
better (p < .05) in reading (M = 1975.81, SD = 232.731, p = 0.0122, d =0.191) for the first time
since the implementation of the engineering career academy when compared to the matched
control group performance (M = 1928.17, SD = 291.572) as measured by the t – test (t[496.232]
= 2.517, p = .0122, d = 0.191). The effect size (d = 0.191) was small.
Discussion of Results
The results show that students enrolled in the engineering career academy did perform
significantly better on FCAT mathematics and reading after a few years of implementation.
However, it is difficult to gauge if the significance was due to student exposure to the
engineering career academy or if simply being in a career academy, in any contextual format,
would have made a difference. As discussed in the literature review, career academies have a
track record of positive results in various research (Stern et al., 2000; Stern et. al., 2010). In this
light, the engineering career academies used the NSOP (see appendix A) and the improved
student performance could be attributed to the increased individual attention that any student gets
when they are part of a small learning community such as a career academy (Conchas & Clark,
2002; Kemple & Wilner, 2008; Stern et al., 2000). This “family environment” allows for a high
level of teacher coordination on curriculum and individual student performance (academic and
discipline) performance (Jordan et al, 2000; Kemple & Wilner, 2008).
Raw data, in the form of the Developmental Scale Score (DSS), show that the difference
in means between the engineering career academy student and Non – CTE student performance
was very small in the first two years of implementation. The average DSS difference in means
through 2008 – 2010 was 2.98 in mathematics and 4.23 in reading between the two groups. In
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the last two years of the study, the DSS means difference jumped to a double digit average
(mathematics = 30.61, reading = 36.74). This increase in performance may be attributed to
unobserved changes in the student population, the State’s adjustment to the FCAT itself, or an
increase in teacher confidence as related to curriculum delivery in the career academy model.
Also, the last two years of the study were the only two years where both engineering career
academies had participants in all three grade levels (i.e., 6th, 7th, and 8th grade). This brought the
number of participants to over 230 for each cohort. This aspect of the study shows that while
power was increased due to the increase of participants, when combined with the raw DSS data,
it is unlikely that the first two cohorts performed significantly. Additionally, performance of the
engineering career academy cohort during the last year (2011 – 2012) may have been impacted
due to the continuous three years of development of instructional strategies, curriculum, and
administrative operations by the teacher teams to improve the overall effectiveness of
implementation of the NSOP in the engineering career academies (See Appendix A).
One of the most significant design aspects of this study is that the career academy model
was tested at the middle school level. Previous studies (Bottoms & Anthony, 2005) reviewed
academic performance of students enrolled in the PLTW program using a t – test at the high
school level, showing a significant (p ≤ .05) increase in mathematics and reading with a similar
sample size (n =274) to this study. The IMaST program, as described in the literature review,
analyzed student pre and posttest performance using an analysis of covariance. In this study,
(IMaST Program, 2011) mathematics and reading performance was not found to be significant.
However, the program had a heavy emphasis on science instruction and students excelled
significantly (p ≤ .05) in science at the 7th grade level.
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Both of these programs, PLTW and IMaST use a curriculum design that is related to the
NSOP for career academies and the constructivist approach to human learning. These programs
have set courses and modules that are designed around the integration of various disciplines
(e.g., science, mathematics, technology, etc.) similar to the design of the engineering career
academy program evaluated in this study (See Appendix A). It is important to note that the
engineering career academy integrated units were essentially classroom – based. This is a
deviation from the NSOP recommendation to use work-based learning as middle school students
do not have access to “authentic” work-based programs due to their young age. Therefore a
project – based learning (PBL) model was used to simulate “authentic” learning using a
constructivist approach to curriculum design. The PBL format builds on itself through the use of
projects (Pierce, 2013) that increase in academic and technical difficulty. This approach
promotes building knowledge on past experience (Beane, 1997; Hruby & Roegiers, 2013) as
students progress through the integrated units. All three programs have shown some significance
in student performance, it appears that this delivery method is prudent for implementation and
dissemination.
When comparing the engineering career academies’ performance to prior research with
integrated curriculum models, we see that this approach continues to be beneficial in improving
student performance. In one example, Stone, Alfred, and Pearson (2008) conducted a study
testing high school student performance on standardized tests after an integrated mathematics
curriculum intervention. The results showed that the students performed better on a traditional
mathematics test (TerraNova) and a college entrance type test (ACCUPLACER). However, the
data showed that there was no improvement on an applied mathematics test (WorkKeys). In a
similar high school student study, Pierce (2013) analyzed reading and mathematics performance
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on a standardized test (FCAT) after a 26-week intervention using integrated curriculum units.
The results showed that the intervention significantly impacted the students’ reading
performance but not mathematics performance.
In all the studies mentioned above, including the engineering career academies, there are
no signs of a negative impact on student performance. This is an important consideration as
career academy research has consistently showed, even if statistically insignificant, positive
results (Kemple & Snipes, 2000; Kemple & Wilner, 2008; Stern et al., 2010).
Implications and Recommendations
There are various limitations to the study that need to be discussed. The first important
limitation revolves around the sample size and statistical power. As already mentioned, it
appears that the results from the first two years of the study are limited due to the small sample
size. It is only after the engineering career academies have students in all three grade levels (i.e.
6th, 7th, and 8th grade per year) and a sample size of over 230 that the data show a significant
result. Also, the assumption for equal variances was not assumed throughout the results. The
lack of this assumption shows that there may have been other, non-included, variables that
impacted the students’ performance. This limitation is most likely due to the non – random
assignment nature of the study.
During the PSM process participants were classified based on the observed covariates.
Additional covariates would further the subclassification of the participants and could assist to
remove “hidden” bias and potentially increase power as well as adjust, positively or negatively,
effect size (Cochran, 1968; Hahs-Vaughn & Onwuegbuzie, 2006). Bias, the impact of
unobserved covariates, is an inherent limitation to PSM (Bai, 2011; Joffe & Rosenbaum, 1999;
Rosenbaum & Rubin 1983; Rubin 1997). While the researcher controlled for this aspect through
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the use of propensity score matching using covariates that were considered “standard” for
research conducted in the LEA, additional covariates, even if not statistically significant, could
have been included (Rubin & Thomas, 1996) which may have impacted the results. Thus, in light
of observed limitations, some implications for practice and further research were identified.
The conceptual framework for the study revolved around the concept of constructivism.
The tenets of constructivism are foundational to the engineering career academy implementation
and design as proposed in this study. It is through the use of curriculum, built on constructivism,
that the students enrolled in the engineering career academy using a PBL curriculum design
experience a different environment as compared to other students in the school district (Lynch,
2000; Orr et al., 2004). The middle school engineering career academy, providing the curricular
context in this study, was established through a grant and received additional support (e.g.,
district personnel, professional development, and funding for curriculum development) to
implement constructivist principles. Thus, it stands to reason that due to participation in more
relevant teaching and learning grounded in engineering context, middle school students in the
engineering career academy should perform better on state standardized tests compared to noncareer academy students taught by teachers not receiving this additional support.
During the study, the author found that the engineering career academy was viewed very
favorably by the school community. Anecdotal evidence showed that students, parents, teachers,
and administrators all liked having the engineering career academy on campus and were very
supportive of its design and implementation. This implication can help a school build on its
community’s culture and help engage parents in the school setting.
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Implications for practice.
The results of the study show that there is promise in the implementation of a NSOP
career academy at the middle school level. These results are in line with other discussed studies
using similar approaches to engineering education. However, a formal evaluation of the
engineering career academies is recommended to better understand the variables that can make
the model successful in increasing overall student performance.
One advantage of this curriculum delivery method is that it does not require any special
programs (e.g., PLTW or IMaST) for implementation. Many school districts around the nation
have implemented career academies at the high school level using the NSOP. Therefore, transfer
of the career academy model to the middle school may not be complicated, depending on the
educational environment, as the standards can be implemented with little adjustment into this
setting (See Appendix A).
The results show that integrated curriculum has a positive effect on student academic
performance. In this light, additional integrated lessons added to the model may improve student
performance. Previous research around integrated CTE instructional units (Stone et al., 2008)
shows favorable student performance on standardized tests, which continue to drive educational
reform in many LEAs.
Recommendations for further research.
As part of the grant used to develop the engineering career academies analyzed in this
study, the curriculum team created additional engineering career academies with varying themes
centered on STEM topics. These themes included, agriculture, medical, sports medicine,
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aerospace, and robotics. Additional research would be needed to see if the students performed
similarly to the participants in this study in these other grant named “STEM Academies”.
Further research could be conducted in the qualitative realm where the above mentioned
anecdotal evidence could be analyzed to determine participant and community perception of the
“STEM Academies”. This research could bring new information to light to assist administrators
and teachers to promote the “STEM Academy” model and/or modify its implementation to
become more inclusive to a larger variety of students.
As mentioned, anecdotal evidence pointed to a favorable perception of the engineering
career academy in the community. A qualitative study could asses the community’s reasoning
behind the community’s perception in a systematic way. These results may lead to new findings
that support student performance and school culture around the career academy model at the
middle school level.
While these results are promising, further research could solidify the position of the
NSOP career academy at the middle school level. The first, and most important change, for an
additional study would be to use an experimental design for a similar study. The results of such
a study would give the research community a picture of performance with an increase in validity.
Another suggestion is to perform a similar study using only participants from the same school.
This design would possibly eliminate some of the limitations, specifically the lack of assumption
of equal variances, and increase the validity of the results.
Conclusion
In conclusion, the results of the study are promising but not conclusive. Taking into
account study limitations, the results suggest that students in the engineering career academy
performed significantly, but not consistently, better then matched students in a non – academy at
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the middle school level. Specifically, the purpose of the study was to determine whether
students enrolled in a middle school career academy with an engineering theme performed better
on the FCAT mathematics and reading assessments compared to propensity score matched
students in a non-academy education program. Eventually, in both cases the data supported the
rejection of the null hypothesis after multiple years of implementation and an increase in sample
size. While the effect size was small, the differences were significant and suggested a potential
for increasing student performance. Additional research of student performance in a career
academy at the middle school level is needed. Future research design should include additional
and varied methods to assess the effectiveness of the career academy model in the middle grades.
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Appendix A: National Standards of Practice Implementation at the Middle School Level
According to the Career Academy Support Network (CASN) the national standards of
practice have been used in high school career academies for over 40 years (NCAC, 2013). These
standards have been developed in partnership with the following agencies: Association for
Career and Technical Education, The Center for Secondary School Redesign, The College and
Career Academy Support Network, Connect Ed: The California Center for College and Career,
The Southern Regional Education Board, High Schools that Work, The National Association of
State Directors of Career Technical Education Consortium, The National Career Academy
Coalition, and The Talent Development High Schools. These agencies created the framework
for the National Standards of Practice (NSOP) around three main constructs:


A small learning community



A college preparatory curriculum with a career theme



A community and industry partnership through the use of an advisory board
Teams of teachers work together to deliver high quality curriculum by integrating various

technical and academic courses around the career theme. In addition, the advisory committees
provide input to the curriculum design and, many times, real-world examples of the application
of the curriculum through field trips, guest speakers, internships, and other means.
The NCAC has developed 10 National Standards of Practice (NSOP) to guide all aspects
of the career academy. In this appendix, the original standards are presented and their
application at the middle school level, as related to this study, is explained.
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Standard 1: Defined Mission and Goals
NSOP definition.
The career academy has a written definition of its mission, goals, and benchmarks. These
were developed by and available to the administrators, teachers, students, parents,
advisory board, and others involved in the academy.
Criteria: college and career connections; student aspirations; student achievement;
commitment to equity; and stakeholder involvement (NCAC, 2013).
Middle school engineering academy implementation criteria.


College and career connections: The engineering academies focused on education
beyond middle school by providing the students with career exploration visits as well
as interactive field trips to the local universities. Students were encouraged to
examine the technical and academic skills available during the career and college
experiences.



Student aspirations: The academies encouraged students to aim as high as they wish
by providing opportunities for leadership, reward, and collaboration. This was
accomplished through student participation in a variety of competitions such as: water
tower, science bowl, math bowl, etc.



Student achievement: Academy teachers took a personal interest in the students
through the implementation of the following components; (a) administering of
discipline or needed support through an entire teacher team hearing, (b) regular
individual student performance review sessions, (c) daily discussions, and (d)
constant parental communication supported and discussed by the entire teacher team.
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Commitment to equity: While there were academic criteria the students have to meet
to qualify for acceptance into the academy. Students with drive and desire without the
appropriate academic performance were allowed to enter on a case-by-case basis after
a review by the teacher team and administrators.

Standard 2: Academy Design
NSOP definition.
An academy has a well-defined design within the high school, reflecting its status as a
small learning community.
Criteria: cross-grade articulation; student selection; cohort scheduling; physical space;
small size; supportive atmosphere; academy planning (NCAC, 2013).
Middle school engineering academy implementation criteria.


Cross-grade articulation: The engineering academies used a five teacher cohort;
technology, mathematics, language arts, social studies, and science. The teachers
developed integrated thematic units of instruction to present engineering content.
There was an established program of study for each student through grades 6-8.



Student selection: The academies had a selection process based on academic
standards. Students were required to score a minimum of 3 in mathematics and a 3 in
reading on their 5th grade FCAT to qualify for the academy. These standards were
established due to the high level of eventual coursework in the 7th and 8th grade
including high school credit courses.



Cohort Scheduling: The students were in a “pure” cohort as they moved between
classes and grade levels. A “pure” cohort is defined by only allowing academy
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students in each classroom and non – academy students were not allowed into any of
the cohort classes. Being in the cohort was required for every student that desired to
be in the academy.


Physical space: Due to the limitations of a typical middle school. The classrooms
were not located in a cluster or near each other. The technology classroom provided
the most flexibility to the arrangement of learning space due to its large footprint.



Small size, supportive atmosphere: Due to a state law on class size (measured by
number of students) the classes were limited to 21 students.



Academy planning: Each year, the teachers and district personnel had a pre-planning
meeting to design the annual action plan for the academies. All the teachers
participated in the planning process. At the end of the year, the same group of
participants, reviewed the action plan and reflected on the year’s progress.

Standard 3: Host Community and High School
NSOP definition.
Career academies exist in a variety of district and high school contexts, which are
important determinants of an academy’s success.
Criteria: support from the Board of Education and Superintendent; Support from the principal
and high school administration; adequate funding, facilities, equipment, materials (NCAC,
2013).
Middle school engineering academy implementation criteria.


Support from the Board of Education and Superintendent: The engineering career
academies enjoyed complete support from leadership at the top level. The school
99

board and the superintendent were made aware of the model as well as progress
through workshops, recognition meetings, and visits to the schools by senior staff
members.


Support from the principal and school administration: The principals at both
academies were both highly supportive. They expressed their support through the
implementation of the national standards of practice with fidelity and through their
desire to continue the academies for over 8 years.



Adequate funding, facilities, equipment, materials: The academies were funded
locally through the school discretionary funding, through the use of the Carl D.
Perkins grant for the technology classes, and through district allocation to supervisors
for math, science, social studies, and language arts classes.

Standard 4: Faculty and Staff
NSOP definition.
Appropriate staff selection, leadership, credentialing, and cooperation are critical to an
academy’s success.
Criteria: teacher leader/coordinators; academy staff; support from counselors, nonacademy teachers and classified staff (NCAC, 2013).
Middle school engineering academy implementation criteria.


Teacher leader/coordinators: Each academy had a teacher leader that acted as a
liaison between the school and the district office. These leaders also arranged
advisory committee meetings and worked with the teacher team to arrange for special
activities such as picnics, field trips, and evening events.
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Academy staff: Academy teaching staff at each school was chosen by the principal.
Table 2 describes the education credentials and years of experience of each staff
member.



Support from counselors, non-academy teachers and classified staff: Each academy
had a designated counselor. Other staff members understood the importance of the
academy for the school and perform their duties as directed by the principal.

Standard 5: Professional Development and Continuous Learning
NSOP definition.
Since an academy places teachers and other adults into roles not normally included in
their previous training, providing adequate professional development time, leadership,
and support is critical.
Criteria: common planning time; professional development; volunteer and parent
orientation (NCAC, 2013).
Middle school engineering academy implementation criteria.


Common planning time: The teacher schedule is such that the teachers had one full
period of common planning time each day. The teachers used this time to design
curriculum, work with students, create outreach to the community, and perform
traditional teacher functions (i.e. grade papers, call parents, etc.).



Professional development: The district staff held monthly professional development
meetings at the academy schools. At these meetings, the teachers reviewed their
curriculum and other aspects of the academy. In addition, the district staff provided
and encouraged summer experiences (i.e. summer internships) where teachers would
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visit with local industry partners to design integrated units of instruction with
engineering themes.


Volunteer and parent orientation: The academies held quarterly advisory meetings to
encourage community and parent involvement. The academies hosted special events
to get the students and parents together at the start of the school year as a means of
orientation at the school sites. Additionally, the academies held recognition events
for individual students to highlight annual student accomplishments.

Standard 6: Governance and Leadership
NSOP definition.
The academy has a governing structure that incorporates the explicit roles of all
stakeholders and leaders of the advisory board.
Criteria: network of support; regular meetings; a healthy partnership; a student voice
(NCAC, 2013).
Middle school engineering academy implementation criteria.


Network of support: Each academy had regular advisory meetings which were
attended by the school administration, district administration, parents, teachers,
students, and community members.



Regular meetings: Advisory meetings were held quarterly at each school site. There
was also a district wide advisory committee that met quarterly to discuss the
happenings around engineering education across the district.



A healthy partnership: Advisory members had defined roles, minutes were kept, and
input from the committee was acted on by the school and district administrators. This
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cycle of improvement allowed for a continuous building of trust and engagement
across all stakeholders.


A student voice: Students are present at the advisory meetings and one academy had a
student council. The student council was responsible for defining students’ needs and
bringing them to the advisory committee meetings.

Standard 7: Teaching and Learning
NSOP definition.
The teaching and learning within an academy meets or exceeds external standards and
college entrance requirements while differing from a comprehensive high school by
focusing learning around a theme.
Criteria: external standards; rigorous learning; sequenced, integrated, and relevant
curriculum; post-secondary planning; dual credit options; development of a portfolio and
participation capstone project (NCAC, 2013).
Middle school engineering academy implementation criteria.


External standards: State standards were used as a framework for the curriculum.
Each teacher used their content standards to design and deliver engineering themed
instructional units. In cases where engineering content was not appropriate, the
teachers brought in an engineering context to the lesson design. Overall, the students
had about four weeks of completely integrated (across all five cohort classes)
engineering instruction.



Rigorous learning; Rigorous coursework was met not only through the use of
integrated instructional units, but also through high school level courses. In both
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academies, the students left with a total of three high school credits in mathematics,
science, and engineering technology.


Sequenced, integrated, and relevant curriculum: The program of study at each
academy outlined the sequence of courses for each student through all three years of
enrollment. The teachers designed fully integrated instructional units and used
problem-based learning methods to ensure real-world examples and relevancy.



Post-secondary planning: This criteria was adjusted, from the traditional NSOP
model, to include for secondary planning, instead of post – secondary, for the
students. Each student had the opportunity to continue with engineering studies at the
local high school upon completion of the academy. Both local high schools had
engineering coursework available in their master schedule. In addition, students had
career development experiences through field trips, guest speakers, and integrated
curriculum units to begin thinking about their future career trajectories.



Dual credit options: Since a traditional dual credit model (i.e. high school students
earning college credit) is not available to middle school students, these academies
focused providing opportunities for students to earn high school credits. Students in
both academies earned three high school credits in mathematics, science, and
engineering respectfully.



Development of a portfolio and participation in a capstone project: The middle
school students did not have a capstone project as part of their academy experience.
However, they had requirements to participate in extra-curricular activities such as
math bowl, science, league, the STEM fair, and others. Many of the students were
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members of the Technology Student Association (TSA) and participated in TSA
events and competitions.
Standard 8: Employer, Post-Secondary Education, and Community Involvement
NSOP definition.
A career academy links high school to its host community and involves members of the
employer, post-secondary education and civic community in certain aspects of its
operation.
Criteria: local industry/economic needs; community involvement; citizenship; workbased learning (NCAC, 2013).
Middle school engineering academy implementation criteria.


Local industry/economic needs: The academies were selected to have an engineering
theme as a means to expose students to the field at a young age. The local economic
area has a large manufacturing contingent and a well-known university with college
of engineering. Both of these factors played a role in assisting the development staff
on selecting engineering as the theme.



Community involvement: Community members provided guidance to the academies
through involvement with the site – based advisory committees as well as the district
wide committee. Committee members reviewed academy progress, student
performance samples, and assist with direction and future growth.



Citizenship: Students were included in the development of the academy through
collaboration and mutual support. It was accepted and encouraged that the 8th grade
students worked with the younger students to prepare them for success in each
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academy. The cohort schedule ensured that the students knew each other very well
and worked together on a variety of projects.


Work-based learning: The middle school academies did not offer work-based
learning opportunities due to the age of the students and local child employment laws.
Students received their work experience through special field trips, guest speakers,
problem – based learning projects, and other activities not normally available to non –
academy students.

Standard 9: Student Assessment
NSOP definition.
Improvements in student performance are central to an academy’s mission. It is
important to gather data that reflects whether students are showing improvement and to
report these accurately and fairly to maintain the academy’s integrity.
Criteria: student data; multiple academic measures; technical learning; accurate reporting;
evidence of impact (NCAC, 2013).
Middle school engineering academy implementation criteria.


Student data: Due to the public school nature of the location for the academies, all
students were encouraged to apply, provided they had the appropriate academic
performance (i.e. FCAT Mathematics 3 and Reading 3).



Multiple academic measures: Teachers kept records of student performance measures
as a means to gauge the academies’ overall performance. Teachers shared the data
findings with the advisory committee members and at end of the school year. The
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data were kept in – house and were used to set performance targets for the next school
year.


Technical learning: Students were immersed in technical learning through the entire
academy experience. They were taught using state mandated engineering/technology
standards in the engineering class and reinforced in their academic courses.



Accurate reporting: In – house performance data was used as a guidepost for next
year goal setting. Parameters on how to validate the data were not established as part
of the development process for the academies.



Evidence of impact: Teachers reviewed the data internally, but did not disclose any
information outside the academy.

Standard 10: Sustainability
NSOP definition.
No new academy functions perfectly. Even well established and highly functioning
academies benefit from self – examination and refinement. Ensuring and improving the
quality of a career academy requires engaging in a regular cycle of improvement.
Criteria: academy implementation; academy refinements; reflection of the academy’s
mission and goals (NCAC, 2013).
Middle school engineering academy implementation criteria.


Academy implementation: Academy performance was reviewed by district personnel
as part of the reporting process for a grant. Feedback was collected and reported from
various stakeholders as part of the grant evaluation.
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Academy refinements: During the development process district personnel
administered surveys to gauge academy performance on an annual basis. This
qualitative survey data was presented to stakeholders to assist with strategic planning
for each academy. In addition, the teacher team reviewed survey data and academy
overall performance at the monthly meetings. This data was also reviewed at the end
of the year meeting and again at the start of the new school year to refine academy
functions.



Reflection of the academy’s mission and goals: Each academy reviewed their mission
and goals at the start of the school year at the annual pre-planning meeting. The
mission and goals were also reviewed at the end of the year meeting before teachers
left for summer break.
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Appendix B: Example of Integrated Curriculum Application in the Engineering Academy
Note: This appendix is a summary from a previously published work by the author (Prokop,
2013).
As part of the annual summer teacher professional development, the teachers were tasked
with the development of integrated curriculum instructional units. These units ranged from 5-15
days of instruction and were designed across five academic areas (i.e. science, mathematics,
engineering, social science, and language arts). The goal for each engineering career academy
was to have four of these units implemented in each school year, totaling not less than three
weeks but not more than one month of instruction. These limits were agreed upon to allow for
flexibility around testing schedules and other various obligations at each school.
Example: Frankenstein Unit
This unit of instruction was written by the teachers at one of the middle schools reviewed
in this study. The overall theme of this engineering career academy was bioengineering. The
teachers spent time collaborating together to develop a framework and activities centered on
Ethical Issues. This instructional unit began with the students reading the classic novel
Frankenstein. Student activities are described as follows as related to each curriculum subject
(Prokop, 2013).


Mathematics: Student design a “monster” based on their own bodies. They
measured themselves and used proportional relationships to create scale drawings
of their personal monster.



Science: The scale drawings were used to design plans for monster assembly and
activation.
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Social Studies: Students addressed current ethical issues such as euthanasia,
universal health care, and bioterrorism using the topics in the novel as a
framework for the discussion.



Engineering: Students designed surveys for dissemination across the school
population and created presentations on ethical topics focused on responsible
engineering.



Language Arts: The students reviewed the literary aspects of the novel itself.

Across all these activities (i.e. academic areas) the teachers continued to refer back to the
issues of ethics. Essentially, ethics was the conceptual framework for the instructional activities
and units. In some cases, the students took their activities from one class to the other. For
example, the measurements for each student’s monster were taken to science class to design the
assembly plans. These types of activities were designed to help students understand cross –
curricular relationships when problem solving.
The instructional unit culminates with a visit to a local hospital to meet with the director
of ethics for a question and answer session based on real case studies. The students were active
participants in the session by receiving the case studies ahead of time and preparing questions for
the doctor. Upon their return to the school, the students created thank you cards for the doctor as
a reflection on their experience.
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